Psychometric Properties of a Multichannel Battery for the Assessment of Emotional Perception by Krause, William H.
City University of New York (CUNY)
CUNY Academic Works
Dissertations, Theses, and Capstone Projects Graduate Center
10-2014
Psychometric Properties of a Multichannel Battery
for the Assessment of Emotional Perception
William H. Krause
Graduate Center, City University of New York
How does access to this work benefit you? Let us know!
Follow this and additional works at: https://academicworks.cuny.edu/gc_etds
Part of the Quantitative Psychology Commons
This Dissertation is brought to you by CUNY Academic Works. It has been accepted for inclusion in All Dissertations, Theses, and Capstone Projects
by an authorized administrator of CUNY Academic Works. For more information, please contact deposit@gc.cuny.edu.
Recommended Citation
Krause, William H., "Psychometric Properties of a Multichannel Battery for the Assessment of Emotional Perception" (2014). CUNY
Academic Works.
https://academicworks.cuny.edu/gc_etds/360
  
 
 
 
 
PSYCHOMETRIC PROPERTIES OF A MULTICHANNEL BATTERY 
FOR THE ASSESSMENT OF EMOTIONAL PERCEPTION 
by  
WILLIAM H. KRAUSE 
 
 
 
 
A dissertation submitted to the Graduate Faculty in Psychology in  
partial fulfillment of the requirements for the degree of Doctor of Philosophy, 
The City University of New York 
2014 
ii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2014 
WILLIAM KRAUSE 
 
All Rights Reserved 
 
 
 
 
iii 
 
This manuscript has been read and accepted for the 
Graduate Faculty in Psychology in satisfaction of the 
dissertation requirement for the degree of Doctor of 
Philosophy. 
 
 
 
 
 
Joan C. Borod, Ph.D. 
 
 
 
 
Date Chair of Examining Committee 
 
 
 
                 Maureen O’Connor, Ph.D., J.D. 
 
 
 
 
 
Date Executive Officer 
 
 
 
 
       Laura Rabin, Ph.D._____________________________ 
       Justin Storbeck, Ph.D.___________________________ 
Howard Ehrlichman, Ph.D._______________________ 
J. Michael Schmidt, Ph.D._______________________ 
Supervisory Committee 
 
 
THE CITY UNIVERSITY OF NEW YORK  
 
 
  
iv 
 
Abstract 
PSYCHOMETRIC PROPERTIES OF A MULTICHANNEL BATTERY 
FOR THE ASSESSMENT OF EMOTIONAL PERCEPTION 
by William H. Krause 
Dissertation Chairperson: Joan C. Borod, Ph.D. 
Perceiving the emotions of others is an important, even critical, skill for success in social 
interactions.  The lack of this skill has been associated with decreased social competence and 
poor interpersonal relationships (Shimokawa et al., 2001).  It frequently co-occurs with  
psychopathology.   
Furthermore, there is a large and rapidly growing literature examining the neural 
substrates of emotional processing.  Studies have examined the processing of particular 
emotions, as well as how emotions conveyed through different modalities are processed.   
The New York Emotion Battery (NYEB; Borod, Welkowitz, & Obler, 1992) includes 
tests for the perception of eight discrete emotions across three communication channels: facial, 
prosodic, and lexical.  The NYEB has been used to study psychiatric and neurological 
conditions, as well as normal aging. 
 For the current study, data were collected from 122 healthy, right-handed adults, ages 20-
89.  Paarticipants completed emotion perception and nonemotional control tasks from the NYEB. 
Perceptual tasks included both identification and discrimination of emotion.  All participants 
completed a screening battery which included measures of cognitive, perceptual, and affective 
functioning.   
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 The aims of the current study were: 
1) To establish the internal consistency reliability and construct validity of the NYEB. 
2) To examine the structure of its observed and latent variables and compare those 
structures to theory. 
3) To describe any demographic or response biases of the NYEB. 
Results indicated that the NYEB has very good internal consistency for identification 
tasks, but lower internal consistency for discrimination tasks.  Performance on the NYEB (both 
overall and in its identification subtests) is strongly determined by a general factor of emotion 
perception ability.  Individual identification subtests often display a moderately strong second 
factor, but are still good measures of general emotional perception ability.  Analysis of 
hierarchical grouping of the battery's emotions provides support for the approach/withdrawal 
classification of emotions (as it relates to perceived emotions).  Individual emotions varied in 
how accurately they were perceived and how frequently they were named in responses. 
Overall, the NYEB has good psychometric properties, should be a valid and useful instrument 
for assessing emotion perception deficits in psychopathology, and has potential to be adapted 
into an abbreviated form.  
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Introduction 
Research Question 
The study of emotion perception is a relative newcomer to the field of psychology.  Two 
lines of inquiry propelled it to some degree of prominence.  The first was the search for a 
normative model of emotion, including establishing primary emotions (see, for instance, Ekman, 
1972).  The second was driven by interest in the relationship between emotion perception and 
brain lateralization.  As a matter of clinical interest, assessment of emotion perception was 
thought to have some promise in locating lesions (for an example, see Bear & Fedio, 1977).  
More recent research has found a range of both degree and type of emotion perception deficits in 
a broad range of psychopathologies.  There continues to be a need for a widely-accepted and 
well-validated assessment battery for emotion perception. 
The current study is exploratory in nature.  Its purposes are both evaluative and 
prospective.  The first goal is to evaluate the internal consistency of the NYEB and of its 
individual subtests.  This analysis may point the way to designing a shorter version of the 
instrument.  The second goal is to analyze the factor structure of the battery and determine what 
latent variables are present.  The third goal is to classify the individual emotions through a 
hierarchical analysis, to help determine the structure of their relationship within the battery.  The 
fourth goal is to examine error patterns to help determine whether the batteries or its subtests 
contain significant bias.  The fifth goal is to find any patterns of errors in the identification of 
emotions.  It is hypothesized that negative emotions are more likely to be mistaken for other 
negative emotions and that positive emotions are more likely to be mistaken for other positive 
emotions. 
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Literature Review 
Neural substrates of emotion perception. 
 Hemispheric asymmetry in emotion perception. Whereas it is a truism that the 
bilateral limbic system has a major role in emotional processing, many aspects of emotional 
processing may be differentiated by cerebral hemisphere.  There is a long clinical tradition of 
emotional changes following right hemisphere damage, including patients with cortical lesions.  
One hypothesis that emerged from these clinical observations is that of right hemisphere 
dominance (for reviews, see Borod et al., 1998;  Borod, Andelman, Obler, Tweedy, & 
Welkowitz, 1992; Borod, Bloom, Brickman, Nakhutina, & Curko, 2002; Heilman, Blonder, 
Bowers, & Crucian, 2000).  Broadly speaking, this model argues that language processes are 
lateralized to the left hemisphere and emotional processes are lateralized to the right.  When 
individuals with right hemisphere damage are compared to those with left hemisphere damage, 
they have been shown to consistently perform worse at identifying facial expressions of emotion 
(Adolphs, Damasio, Tranel, & Damasio, 1996; Borod et al., 1998; Kucharska-Pietura, Phillips, 
Gernand, & David, 2003; Mandal et al., 1999). An alternative model proposes that the cerebral 
hemispheres differ in the valence of their emotional processing.  That is, the right hemisphere 
processes negative emotions and the left hemisphere processes positive emotions (Borod, Bloom, 
Brickman, Nakhutina, & Curko, 2002). A review by Sackeim et al. (1982) of 109 cases found 
that LH damage was associated with depressive symptoms and RH damage with pathological 
laughter. The Wada test (injection of sodium amobarbitol into one entire hemisphere) has 
repeatedly shown negative emotional responses for left hemisphere sedation and euphoric 
reactions for right hemisphere injection (Silberman & Weingartner, 1986).   
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A variation on the valence model is the approach-withdrawal model, which posits that the 
right hemisphere is associated with withdrawal behaviors, whereas the left is associated with 
approach behaviors (Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Kinsbourne, 1982).  
Whereas positive emotions are a subset of approach behaviors, in this model anger is categorized 
alongside them, and is therefore assigned to the left hemisphere (Davidson, 1995).  EEG studies 
of normal individuals have consistently shown greater right hemisphere activation when viewing 
stimuli designed to elicit withdrawal reactions, whereas greater left hemisphere activity has been 
observed with approach-eliciting stimuli.  This phenomenon has been observed in both frontal 
and anterior temporal regions (Coan, Allen, & Harmon-Jones, 2001; Davidson, Ekman, Saron, 
Senulis, & Friesen, 1990; Ekman & Davidson, 1993). 
A further variation on the valence model is Gray’s Reinforcement Sensitivity Theory 
(RST), which reconceptualizes withdrawal as behavioral inhibition and approach as behavioral 
activation.  Specifically, it states that the right hemisphere is specialized for behavioral inhibition 
and the left for behavioral activation (Gray, 1981).  There are several studies (Gray, 1981; Gray, 
Young, Barker, Curtis, & Gibson, 1997; Sutton & Davidson, 1997) supporting this pattern of 
hemispheric lateralization. 
Finally, Ross, Homan, and Buck (1994) conceptualized the right hemisphere as being 
involved in what they call "primary emotions" (i.e., happiness, sadness, surprise, fear, anger, and 
disgust), whereas the left hemisphere is involved with "social emotions" (e.g., guilt, pride, 
jealousy, envy, pity, embarrassment, scorn, shame, and remorse).  The primary emotions are seen 
as innate, whereas social emotions are learned as a way of fulfilling one's drive for social 
affiliation.  This theory originated with the authors' presurgical observation of individuals with 
epilepsy undergoing Wada testing).  Most notably, when the right hemisphere was anesthetized, 
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patients asked to recall an emotional episode from their lives would display social emotions in 
place of the expected primary emotions (Ross, Homan, & Buck, 1994).  Data from patients with 
hemispheric strokes suggest that the left hemisphere is necessary for maintaining social display 
rules (Buck & Duffy, 1980) . 
 Neural systems for specific emotional processing channels. 
 Facial channel processing.  The idea that facial expressions of emotion are both 
stereotypical and universal was first put forth by Charles Darwin (1872).  Paul Ekman (1992) has 
characterized the array of six primary emotions (happiness, sadness, anger, fear, disgust, and 
surprise) as corresponding to unique facial expressions. 
Quantifiable, standardized methods of objectively describing facial expressions have 
been used in a broad range of research studies.  The Maximally Discriminative Movement 
Coding System (MAX; Izard, 1983) and the Facial Action Coding System (FACS; Ekman & 
Friesen, 1977) are the most widely used.  Both of these systems are based on the idea that 
emotional facial expressions are separable into units of muscle action.  The display of individual 
emotions is a product of a unique combination of these "action units."   Perhaps the most 
commonly used set of stimuli in studying emotion perception is the Ekman 60 Faces Test (E-60-
FT; Ekman & Friesen, 1976), which is based on these principles. 
Studies performed without the aid of modern imaging technology have found that facial 
expression has consistently been preferentially both expressed and perceived by the right 
hemisphere.  Free-field viewing of chimeric faces (with different facial expressions on each side 
of the midline) has shown reliable and stable differences in perceptual asymmetries between left- 
and right-handed individuals (Christman & Hackworth, 1993; Levy, Heller, Banich, & Burton, 
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1983; Luh, Rueckert, & Levy, 1991; Moreno, Borod, Welkowitz, & Alpert, 1990). That is, right-
handed viewers showed a preference for the hemiface presented to their left.   Tachistoscopic 
presentation had previously shown similar results when stimuli were restricted to the right or left 
visual field (Landis, Assal, & Perret, 1979; Ley & Bryden, 1979; McKeever & Dixon, 1981).  
Face perception, in both its fixed (recognition of individuals) and variable (recognition of 
emotions and other social communications) aspects, is mediated by a broadly distributed 
network.  The representation of invariant aspects (i.e., facial features) appears to be mediated 
more by the face-responsive region in the fusiform gyrus, whereas the representation of 
changeable aspects is purported to be mediated more by the face-responsive region in the 
superior temporal sulcus (for a review, see Haxby, Hoffman, & Gobbini, 2002).  Relatively 
recent reviews (Adolphs, 2002; Tamietto & de Gelder, 2010) have concluded that the recognition 
of emotion activates the occipitotemporal cortex, amygdala, orbitofrontal cortex, superior 
temporal gyrus, and right frontal and parietal cortices. Figure 1 presents a schematic of the 
circuitry involved and the timing of the activation of individual areas.  Recognition of fear has 
been strongly associated with the amygdala, and recognition of disgust has been shown to 
produce greater activation in the insula and basal ganglia.   
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 Prosodic channel processing.  Unlike facial emotional recognition, the perception of 
prosody (emotion transmitted by rhythm, stress, and intonation in speech or music) relies on 
cueing from different modalities.  Both the traditional auditory perceptual qualities (pitch, 
loudness, and timbre), as well as the pacing of speech (speech rate, pausing, and phrase 
duration), provide information about the emotional state of the speaker (Johnstone & Scherer, 
2000; Juslin & Laukka, 2001; Scherer, 1986). 
Some emotions may be distinguished from all others without the use of all modalities.  
For instance, sadness can be detected across a variety of speech rates, with its lower pitch and 
volume appearing to be enough to distinguish it from other emotions (Banse & Scherer, 1996; 
Scherer, 1986). On the other hand, analysis of all modalities is no guarantee of distinguishing 
emotions.  Anger and fear have not been found to be distinguishable through analysis of these 
modes.  They are both characterized by high pitch, variable pitch, high volume, and an 
accelerated speech rate (Banse & Scherer, 1996). 
Accuracy rates for recognizing emotion from prosody are consistently found to be 
significantly higher than chance, ranging from 55-65% correct (Banse & Scherer, 1996; Juslin & 
Laukka, 2001). This is opposed to an expected 17%, or one out of six (most studies use 6 
discrete emotions), accuracy from random guessing. 
One recent model of the network employed to evaluate prosody (Wildgruber, 
Ackermann, Kreifelts, & Ethofer, 2006) posited that the right primary auditory area (i.e., 
analogous to Wernicke's area on the left) extracted acoustic information, the right superior 
temporal sulcus generated meaningful representations of acoustic sequences, and the bilateral 
inferior frontal cortex evaluated the emotional content. 
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 Lexical channel processing.  Whereas there is relatively less research into aspects of the 
lexical channel (emotion that is transmitted through words), there is some evidence that 
emotional language perception is biased towards the right hemisphere (for a review, see Borod, 
Bloom, & Haywood, 1998).   
Patients with right hemisphere lesions, for example, are generally impaired when asked to 
identify the specific emotion present in language (Borod et al., 1998a, 1992; Cicero et al., 1999; 
Zgaljardic, Borod, & Sliwinski, 2002). 
In the laboratory, one of the more common methods of investigating lateralization has 
been tachistoscopic presentation of individual words.  In an early study, emotional words were 
found to be processed more accurately than nonemotional words when in the left visual field 
(activating the right hemisphere), whereas both types of words were evaluated equally accurately 
when in the right visual-field (activating the left hemisphere; Graves, Landis, & Goodglass, 
1981).  A more recent review (Borod et al., 2000) found only a moderate trend towards right-
hemisphere lateralization in published studies. 
Given the somewhat mixed findings on lateralization, it is hardly surprising that the 
evidence for more precise localization is somewhat thin.  Whereas there is some evidence that 
processing lexical emotional stimuli activates the bilateral inferior frontal gyrus (Nakic, Smith, 
Busis, Vythilingam, & Blair, 2006), the amygdala (Maddock, Garrett, & Buonocore, 2003; 
Nakic et al., 2006; Tabert et al., 2001), and the posterior cingulate gyrus (Kuchinke et al., 2005; 
Maddock et al., 2003), the evidence for any one of these areas is not particularly strong.  
Furthermore, recent ERP studies (Bayer, Sommer, & Schacht, 2010; Palazova, Mantwill, 
Sommer, & Schacht, 2011) indicate that the changes resulting from lexical content start during 
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early posterior negativity (i.e., the negative polarity event-related potentials occurring 
approximately 100 and 200 ms after the stimulus), while emotional effects do not start until 250 
ms post-stimulus.  The two effects did not interact until 550 ms.  The authors concluded that the 
processing of word emotion is likely based on word meaning. 
 Postural and gestural channel processing.  The perception of emotion that is expressed 
through standing posture and visible body motion are the least explored of all the channels of 
emotional expression and perception. 
 Although two studies have found that the amygdala is activated in response to bodily 
expressions of fear (de Gelder, Snyder, Greve, Gerard, & Hadjikhani, 2004; Hadjikhani & de 
Gelder, 2003), another study indicated that individuals with amygdala lesions are not worse than 
controls at recognizing basic emotions from bodies (Adolphs & Tranel, 2003). Other brain areas 
that potentially mediate recognition of bodily expressions include the cingulate cortex (de Gelder 
et al., 2004), the fusiform cortex (Hadjikhani & de Gelder, 2003), the temporal pole (Grèzes, 
Pichon, & de Gelder, 2007), and the orbitofrontal cortex (de Gelder et al., 2004; Grèzes et al., 
2007).  Heberlein, Adolphs, Tranel, & Damasio (2004) found that the right somatosensory 
cortices were particularly active when participants identified basic emotions (anger, sadness, 
fear, disgust, surprise, and happiness) in bodily expressions conveyed in point light displays (i.e.,  
body position is only perceived through the position of small lights strung across representational 
parts of the body).  Gallagher and Frith (2004) found that emotional gesturing increased activity 
only in the right superior temporal sulcus of observers when compared to nonemotional 
gesturing.   
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Neural substrates of specific emotions.  Whereas there is strong evidence that negative 
emotions are lateralized to the right hemisphere, the evidence for specific locations within that 
hemisphere serving as the loci of specific negative emotions is only starting to emerge.  The 
evidence is particularly strong for the localization of the perception of fear and disgust within the 
right hemisphere. 
PET and fMRI studies of healthy participants have shown that facial expressions of fear 
provoke activation of the amygdala in the viewer (Breiter et al., 1996; Murphy, Nimmo-Smith, & 
Lawrence, 2003; Phillips et al., 1998; Whalen et al., 2001).  The patient S.M., who had bilateral 
calcification of her amygdala due to Urbach-Wiethe Disease, showed impaired fear recognition  
(Adolphs, Tranel, Damasio, & Damasio, 1995). 
Recognition of disgust has been localized to the anterior insula and the basal ganglia, 
whether conveyed by facial expression (Murphy et al., 2003; Phillips et al., 1998; Phillips et al., 
1997) or vocalization (Phillips et al., 1998).  Patients with certain diseases that affect the basal 
ganglia,  Huntington’s disease (Kipps, Duggins, McCusker, & Calder, 2007; Sprengelmeyer et 
al., 1996; Wang, Hoosain, Yang, Meng, & Wang, 2003) and Parkinson’s disease (Suzuki, 
Hoshino, Shigemasu, & Kawamura, 2006) show impairment in the recognition of disgust. 
There is significantly less published research on happiness, surprise, anger, and sadness.  
Higher activation for viewing happy expressions (when compared to angry expressions) has been 
found in the cuneus, lingual gyrus, middle temporal gyrus, and medial frontal gyrus (Kilts, Egan, 
Gideon, Ely, & Hoffman, 2003a).  Disruption of the medial prefrontal cortex through the use of 
transcranial magnetic stimulation has been found to increase latencies in the processing of anger, 
but not of happiness (Harmer, Thilo, Rothwell, & Goodwin, 2001), whereas the lateral prefrontal 
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cortex and the orbitofrontal cortex have shown higher activation when recognizing anger, as 
compared to sadness (Blair, Morris, Frith, Perrett, & Dolan, 1999).  Greater intensity of sad 
facial expressions has been associated with greater activity in the left amygdala and right 
temporal pole (Blair et al., 1999). 
Emotion perception in psychopathology. Emotion recognition has a broad general 
impact on social functioning, peer relationships, and behavior.   
This is important for successful interaction with others and to actively participate in one’s 
social milieu (Scherer, Polner, & Mortillaro, 2011).  The lack of such a skill is an obvious 
impediment to normal social functioning and is seen in several important mental disorders, 
described below. 
 Schizophrenia.  Although historically the primary area of behavioral research in 
schizophrenia has been cognition, emotion perception has been part of a growing literature on its 
social cognition deficits.   
A relatively recent meta-analysis (Kohler, Walker, Martin, Healey, & Moberg, 2010) 
confirmed what previous research had pointed towards:  that among mental disorders, the 
emotion perception deficits in schizophrenia are particularly large.  An effect size of d = -0.89 
beteween normal control and patients with schizophrenia was found for studies assessing 
emotion identification, whereas emotion differentiation had an effect size of d = -1.09.  These 
effect sizes were significant at the p < .001 level, but did not differ significantly from each other.  
Analysis of mediating variables found that inpatients preformed more poorly than outpatients, 
unmedicated schizophrenics more poorly than schizophrenics, and those on first generation 
antipsychotics (e.g. Thorazine) more poorly than those on second generation antipsychotics (e.g. 
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Risperdal).  A seemingly counter-intuitive finding was that those with later age of onset 
performed worse than those with earlier onset.  It should be noted that perceptual control tasks 
were not used in all studies analyzed.  This may pose a formidable problem, as a recent meta-
analysis (Ventura, Wood, Jimenez, & Hellemann, 2013)  found that facial (nonemotional) 
recognition and the identification of emotion are strongly correlated (r = .53). 
In a review of the relatively sparse literature on the perception of prosody in 
schizophrenics (Edwards, Jackson, & Pattison, 2002), the authors concluded that whereas there 
seemed to be a deficit for schizophrenics, future literature should continue to employ two-tailed 
statistical tests.  Again, Ventura et al. (2013) found a significant relationship (r = .58) between 
the identification of faces and identifying emotions through prosody.   
Both Kohler et al., (2010) and Edwards, Jackson, and Pattison (2002) remarked that there 
was more variability in the deficits found (across studies) for schizophrenia than in the literature 
for other mental disorders. 
 Mood Disorders. Mood disorders, and especially Major Depressive Disorder (MDD), 
were among the earliest psychopathologies to be studied in terms of emotion perception. This 
may be due to the influence of the "lateralization of depression" hypothesis, where left frontal 
hypoactivation was thought to be strongly linked to MDD (Davidson, 1992).  As a result, early 
studies of emotion perception in depression sometimes used chimeric faces in an attempt to 
identify the hemisphere used for processing emotion (Jaeger, Borod, & Peselow, 1987; David & 
Cutting, 1990; Lior & Nachson, 1999). 
A review of facial emotion recognition in bipolar disorder (BD; Rocca, Heuvel, Caetano, 
& Lafer, 2009) concluded that both manic and euthymic (those in a normal good mood) BD 
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patients had poor perception of negative emotions when compared with normal controls. Studies 
that compared BD patients with schizophrenics (Addington & Addington, 1998; Loughland, 
Williams, & Gordon, 2002; Vaskinn et al., 2007) consistently found worse performance from the 
schizophrenics.   
A metaanalysis combining studies of facial recognition by MDD and BP patients (Kohler 
et al., 2010) found the patients performing more poorly by and overall effect size of d = - .49.  
Hospitalization status,  age of onset, and clinician-rating scales had no significance as 
moderating variables, but self-rating scales (e.g., the Beck Depression Inventory) showed a 
moderate association between higher scores and poorer emotion recognition. 
 Dementias. Research into emotional recognition in dementias has primarily focused on 
frontotemporal dementia (FTD), which is divided into three types: behavioral variant FTD 
(bvFTD; associated with both lethargy, loss of inhibition, and social violations), semantic 
dementia (SD; associated with difficulties in receptive language and naming), and progressive 
nonfluent aphasia (PNFA; for a review of FTD typologies, see Grossman, 2002).  
Among these, the greatest attention has been drawn by bvFTD, perhaps because of the 
prominence of the social difficulties it entails.  Studies of bvFTD have shown generalized 
deficits in facial emotion perception, especially for anger, disgust, and sadness (Lavenu, 
Pasquier, Lebert, Petit, & Van der Linden, 1999; Lough et al., 2006; Rosen et al., 2004).  
Recognition of happiness has been found to be intact in several studies (Fernandez-Duque & 
Black, 2005; Lavenu et al., 1999; Lough et al., 2006).  One study (Werner et al., 2007) found that 
bvFTD and SD patients who performed poorly in emotion identification still had appropriate 
levels of autonomic reactivity to the facial expressions presented.  Patients with SD have shown 
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significant impairment in recognizing facial emotion (Kumfor & Piguet, 2012; Rosen et al., 
2002, 2004) and emotion in music passages (Omar et al., 2011). 
Alzheimer’s Disease (AD) is the single most common dementia,  but has been far less 
researched than FTD in terms of emotion processing.  Overall, those with AD tend to show less 
of a deficit in emotion recognition than those with FTD (and no different from normal controls; 
Lavenu et al., 1999) and vascular dementia (Akio Shimokawa et al., 2003), although emotion 
recognition has been shown worsen over time whereas that of FTD has improved (Lavenu & 
Pasquier, 2005). 
 Psychopathy. Psychopathy is notable among mental disorders for the presence of 
emotional shallowness and a callous disregard for the emotions of others (Hare, 2003).  The idea 
that the core of psychopathy may be impairment in affective processing has strong support in the 
research community (see, for instance, Blair, Mitchell, & Blair, 2005).  It has been proposed that 
distress cues possess perceptual properties that elicit empathy and inhibit aggression (Marsh et 
al., 2005).  A meta-analysis of facial expression perception by Marsh and Blair (2008) found 
exactly that: psychopaths and those with psychopathic traits had poorer perception of fear and 
sadness only. 
A more recent meta-analysis (Dawel, O’Kearney, McKone, & Palermo, 2012) found 22 
studies of facial emotion perception. Perception of each of the canonical six emotions was found 
to have a slightly negative average correlation with psychopathy. While the deficit in perceiving 
each of the emotions reached significance, correlations were modest.  Specifically, fear had the 
strongest average correlation, with an r = - 0.18. Five prosodic studies were also reviewed.  Fear 
again had the highest correlation (average r = 0.33).  In the one study of perception of postural 
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emotion reviewed (Muñoz, 2009), a community sample of boys showed a significant correlation 
between callous-unemotional traits and poor perception of fear (exclusively). 
 Borderline Personality Disorder.  Borderline Personality Disorder (BPD) is 
characterized by a pervasive pattern of emotional instability and unstable interpersonal relations, 
and BPD patients have been described as highly vigilant for social stimuli (Linehan, 1995).  
Facial emotion studies have found less accuracy for certain discrete emotions, with one study 
identifying deficits in perceiving anger, disgust and sadness (Bland, Williams, Scharer, & 
Manning, 2004) and another showing less accuracy for anger, disgust, and fear (Levine, 
Marziali, & Hood, 1997). Two studies looked at the threshold of emotional intensity for correct 
identification. One found no difference between BPD patients and normal controls (Domes et al., 
2008), whereas the other found that patients had a lower detection threshold than controls (i.e., 
were more sensitive; Lynch et al., 2006).  Rather strikingly, Bland and colleagues (2004) found 
that increasing the intensity of the stimuli resulted in lower accuracy of identification. It is 
possible that BPD patients may have their accuracy in emotion identification impaired by 
excessive reactivity to the emotions of others. 
A study that used  facial, prosodic, and mixed facial/prosodic stimuli found BPD patients 
only impaired for  the mixed channel stimuli (Minzenberg, Poole, & Vinogradov, 2006).  Bias 
studies have found that BPD patients significantly over-identified anger (Domes et al., 2008) or 
fear (Wagner & Linehan, 1999) when compared to their expected rate of naming those emotions.   
 Autistic Spectrum Disorder.   Studies examining emotion perception in Autistic  
Spectrum Disorder (ASD) are surprisingly mixed, given the lack of social engagement endemic 
to the disorder.  
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A recent review of facial expressions perceptions (Harms, Martin, & Wallace, 2010) 
found that accuracy often did not differ between participants with ASD and normal controls, but 
studies that incorporated reaction time consistently found slower responses from autistic 
participants. The authors suggest that children with ASD may process facial emotion differently 
from others. Imaging studies have consistently shown lower fusiform gyrus activation for faces 
in ASD, although the difference from normals is far more pronounced for unfamiliar faces 
(Harms et al., 2010).  Since the fusiform gyrus is normally associated with emotion recognition, 
this has been interpreted as demonstrating that the fusiform gyrus is occupied with facial 
recognition in ASD, whereas the posterior superior temporal sulcus is recruited for emotion 
recognition (Haxby, Hoffman, & Gobbini, 2000). In studies where eye tracking is combined with 
imaging, the difference disappears when participants with ASD chose to look at the eyes (Dalton 
et al., 2005; Hadjikhani et al., 2004). 
Emotion perception batteries 
General considerations.  Given the voluminous research published on emotional perception, the 
number of formal batteries for its measurement is relatively small (for a prior review, see Borod, 
Tabert, Santschi, & Strauss, 2000).  With the notable exception of facial emotion recognition, 
even stimulus materials are rarely standardized.  Rather, they are often analyzed for nothing 
more than face validity.   
Among those using standardized stimuli, the most common set is from the Ekman 60 
Faces Test (E-60-FT; Ekman & Friesen, 1976).  Whereas many early studies used the original, 
photographic version, the stimuli are now usually computerized.  An update of the E-60-FT, the 
Facial Expression of Emotion: Stimuli and Tests (FEEST; Young et al., 2002), allows 
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researchers to morph together two different facial expressions for one facial model.  A newer set 
of stimuli, the NimStim (Tottenham et al., 2009), features both morphing and online access to its 
stimuli.  It features 672 expression stimuli, as some researchers (e.g. Erwin et al., 1992) found 
the number in the E-60-FT inadequate for their purposes. 
Of the batteries that met the criteria for inclusion (see below), each one employs a 
"componential" approach, which is premised on the idea that the brain systems that process 
emotion are independent (Borod, 1993).  For instance, outcomes are reported in terms of discrete 
emotions and usually in terms of a single communication channel (exceptions are noted below as 
"cross-modal" tasks). 
In contrast to the componential approach, Scherer (2009) draws on the appraisal theories 
of emotion to propose a dynamic systems approach to understanding emotions.  He argues that 
the basic emotions approach strongly implies that emotions are automatic processes determined 
by the nature of the stimulus.  Appraisal theory, in contrast, views emotions as emerging from a 
multi-level appraisal of the stimulus, followed by recursive integration of categorization labeling, 
motivational change, and physiological and motor responses (Scherer, 2009).  Whether or not 
this is a superior model of real world emotion, having stimuli that cannot be judged in terms of 
content validity makes it extraordinarily difficult to turn them into a psychological test. 
Beyond sharing a discrete emotions approach, most of these batteries are strongly 
influenced by Paul Ekman's (1972) original model of basic emotions: that is, that they are 
comprised of happiness, sadness, surprise, disgust, fear, and anger. 
Among those batteries using facial expression, it is far more common to use still images 
rather than moving images (i.e., video).  Several studies comparing these two modes of visual 
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presentation have found greater amygdala activity and broader cortical activation for dynamic 
emotional images than for still images. (Kilts et al., 2003; LaBar, Crupain, Voyvodic, & 
McCarthy, 2003; Sato, Kochiyama, Yoshikawa, Naito, & Matsumura, 2004; Trautmann, Fehr, & 
Herrmann, 2009).   
Criteria for inclusion.   A search was carried out in both PubMed and PsychInfo using the 
search terms "emotion," "emotions," "emotional," "affect," or "affective" combined with 
"testing," "measurement," "assessment," "recognition," "perception," "comprehension," 
"identification," or "discrimination." The search was not limited by year.  Papers deemed 
relevant were then examined for citations relating to the relevant instrument.  The criterion for 
inclusion in this review was that the instrument must have been used in four or more peer-
reviewed articles or book chapters, validation studies excepted. 
Tests of social cognition were not included.   Social cognition is commonly divided into 
four domains: emotion processing, theory of mind (ToM), social perception and knowledge, and 
attributional bias  (Green et al., 2005, 2008). Tests that are self-defined as " social cognition" 
generally exclude processing of primary emotions.  The Reading the Mind in the Eyes Test 
(Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001), for instance, is identified as a ToM 
test.   It asks for the identification of mental states (e.g., accusing, affectionate, or aghast) in each 
item, none of which are generally considered primary emotions. 
For a brief listing of major aspects of the batteries in this review, see Table 1. 
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 Aprosodia Battery (Ross, Thompson, & Yenkosky, 1997).   This is the only battery in 
this review that tests prosody only. The emotional categories are happiness, sadness, surprise, 
anger, disinterest (which seems to be unique to this battery), and neutrality.  Identification tasks 
include manipulation of affect by changing which word in a sentence is emphasized, whether the 
beginning or end of a stream of nonsense syllables is stressed, and again for an asyllabic 
utterances (“aaaaaah”).  In each case, participants are asked to match the speech to one emotion 
on a printed list, each of which is paired with a matching facial expression.  For discrimination, 
words from the previously mentioned subtest are paired.  
Its target population was patients with left- and right-hemisphere ischemic brain damage 
(Bertini et al., 2009).  A recent study by the battery's author (Ross & Monnot, 2011) found, 
however, that controlling for verbal articulation demands improved the performance of left 
brain-damaged patients to levels near that of controls.  It has also been used in studies of multiple 
sclerosis (Beatty, Orbelo, Sorocco, & Ross, 2003), alcoholism (Monnot, 2002; Monnot, Nixon, 
Lovallo, & Ross, 2001; Sorocco, Monnot, Vincent, Ross, & Lovallo, 2010), normal aging 
(Orbelo, Testa, & Ross, 2003; Orbelo, Grim, Talbott, & Ross, 2005), schizophrenia (Ross, 
2001), and Alzheimer's Disease (Testa, Beatty, Gleason, Orbelo, & Ross, 2001). 
To our knowledge, no reliability or validity data have been published. 
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 Comprehensive Affect Testing System (CATS; Schaffer, Froming, Gregory, Levy & 
Ekman, 2006).  This battery has two forms, the full CATS, and a recent, abbreviated version, the 
CATS-A (Schaffer, Wisniewski, Dahdah, & Froming, 2009).  Both use the standard six primary 
emotions (plus neutrality) for facial stimuli, and four emotions (happiness, sadness, anger, and 
fear, plus neutrality) for prosodic and lexical stimuli .  The CATS has 13 subtests: five for facial 
emotion, one for facial identification, two for prosodic emotion, one for nonemotional prosody, 
two for conflicting lexical and prosodic emotion, and two matching facial emotion to prosodic 
emotion.  The outcome measures include (besides accuracy) bias towards negative emotion.  
The CATS was developed using 60 normal adults, ages 20 to 79.  Normative data are 
provided for three different age ranges within each task.  For the emotional tasks of the CATS, 
Cronbach's Alpha ranges from 0.36 to 0.73 and split-half reliability from 0.53 to 0.75.  For the 
CATS-A the ranges are from 0.34 to 0.80, and 0.40 to 0.85, respectively. 
The CATS (or CATS-A) has been used in studies of epilepsy (Brand et al., 2009, 2012), 
schizophrenia (Castagna et al., 2013), cocaine use (Hulka, Preller, Vonmoos, Broicher, & 
Quednow, 2013), HIV (Lane, Moore, Batchelor, Brew, & Cysique, 2012), and normal aging 
(Schaffer et al., 2009). 
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 The Diagnostic Analysis of Nonverbal Accuracy Scale (DANVA; Nowicki & Duke, 
1989, 1994).   The DANVA was designed to assess emotion perception in both children and 
adults.  More recently, a second edition (DANVA2; Pitterman & Nowicki, 2004) has been 
created; it includes stimuli where the intensity of the emotion is varied. The emotions portrayed 
in both batteries are happy, sad, angry, and fearful.  Facial stimuli consist of 20 slides of adults 
and 20 of children.  An emotional posture subtest has 12 slides of a single woman in a variety of 
poses. An emotional gesture subtests consists of 12 slides:  six of an eight-year-old boy and six 
of a young male adult. A prosodic subtest (called "receptive paralanguage subtest") has 16 
sentences spoken by boys and girls between the ages of 10 and 12. 
Validation of the battery was carried out on a sample of 1001 participants from first 
through fifth grade. As no difference between the sexes was found, norms are provided for each 
grade but not each sex within that grade. Coefficient Alpha for the four receptive subtests ranged 
from .77 to .88. Test-retest reliability was based on assessing 20 students from each grade after 
four weeks, and varies from .74 to .86 for the four subtests.  Normative and psychometric data 
for adults have not been published. 
The DANVA and DANVA2 have been used to study adult ADHD (Rapport, Friedman, 
Tzelepis, & Van Voorhis, 2002), children with psychopathic tendencies (Stevens, Charman, & 
Blair, 2001), pediatric bipolar disorder (McClure et al., 2005; McClure, Pope, Hoberman, Pine, 
& Leibenluft, 2003), the ability to "eavesdrop on feelings" (Elfenbein & Ambady, 2002), and 
relationship well-being (Carton, Kessler, & Pape, 1999). An ambitious study by Guyer et al. 
(2007) examined emotion perception in children with bipolar disorder, severe mood 
dysregulation, anxiety and/or major depression, and ADHD and/or conduct disorder.  The 
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authors found that bipolar and mood dysregulation children were less accurate in identifying 
emotions than were the other groups. 
 The Emotion Evaluation Test (EET; McDonald, Flanagan, Rollins, & Kinch, 2003).  
This is a subtest within the Awareness of Social Inference Test Revised (TASIT-R), a battery 
originally designed for the assessment of social skills deficits in traumatic brain injury (TBI).  In 
the EET, the viewer is asked to recognize basic emotions exhibited in video scenes of actors 
engaged in lexically ambiguous or neutral conversations.  Participants choose from the six 
traditional discrete emotions as well as neutral affect.   
A unique feature of the TASIT (among the batteries reviewed here) is that it has two 
equivalent forms.  Normative data for the EET is provided for healthy participants for Forms A 
and B (N = 88 and 46, respectively) and for TBI patients for both forms (N= 32 and 38; 
McDonald et al., 2006). 
Test-retest reliability for Form A of the EET was r = 0.74 for TBI patients.  Parallel 
forms reliability was 0.83 for brain-damaged patients (McDonald et al., 2006).  Convergent 
validity for the EET was supported by a correlation of 0.70 with a sampling of 28 faces from the 
Ekman and Friesen stimuli.  Construct validity was  partly supported by low to moderate 
correlations with many neuropsychological measures, although the correlations with intelligence 
measures were high.   
The EET has been used with some frequency in recent years.  Studies employing it have 
included ones of individuals with TBI (McDonald & Flanagan, 2004; Williams & Wood, 2010), 
Alzheimer's disease (Henry et al., 2008), frontotemporal dementia (Kipps, Nestor, Acosta-
Cabronero, Arnold, & Hodges, 2009), Huntington's Disease (Kipps, Duggins, McCusker, & 
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Calder, 2007b), sub-clinical disordered eating (Ridout, Thom, & Wallis, 2010; Ridout, Wallis, 
Autwal, & Sellis, 2012a), and schizophrenia (Sparks, McDonald, Lino, O’Donnell, & Green, 
2010). 
 Facial Expression of Emotion: Stimuli and Tests (FEEST; Young, et al., 2002).  The 
FEEST comprises of a computerized version of the Ekman 60 Faces Test (E-60-FT; Ekman & 
Friesen, 1976), along with the Emotion Hexagon test.  In the E-60-FT, six basic emotions—
happiness, surprise, angry, sad, fear, and disgust— each have 10 examples, presented one at a 
time for 5 seconds each.  The participant is asked to identify the emotion portrayed by choosing 
from written labels.  In the Emotion Hexagon test, basic emotion images are paired and morphed 
to create a series of 9 slides, representing blends of different proportions of those  emotions, 
which participants are asked to identify with a single-emotion label.  This allows the difficulty of 
the stimuli to be manipulated, as a more even blend of emotions makes a  stimulus more 
ambiguous, and detection of the primary emotion more difficult.. 
Norms for the E-60-FT (drawn from 227 participants) are available by discrete emotion, 
age, and estimated IQ.  Split half-reliabilities are given for discrete emotions.  All are in the 0.53 
to 0.66, except for happiness, which measured at 0.21 due to ceiling effects (Young, 2002). 
Past uses of the FEEST include studies on schizophrenia (Pijnenborg et al., 2010; 
Pijnenborg, Spikman, Jeronimus, & Aleman, 2013; Radua et al., 2010; Sparks, McDonald, Lino, 
O’Donnell, & Green, 2010), TBI (Dal Monte et al., 2013; Metting, Spikman, Rödiger, & van der 
Naalt, 2014), depression (Aldinger et al., 2013), normal aging (Orgeta & Phillips, 2007; Orgeta, 
2010), and eating disorders (Ridout, Wallis, Autwal, & Sellis, 2012b).    The computerized E-60-
FT has been used in Parkinson's disease (Ariatti, Benuzzi, & Nichelli, 2008), amyotrophic lateral 
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sclerosis (Papps, Abrahams, Wicks, Leigh, & Goldstein, 2005), and a case study of semantic 
dementia (Calabria, Cotelli, Adenzato, Zanetti, & Miniussi, 2009).  In a rare study of an emotion 
battery used as a diagnostic instrument, 25 FTD patients and 33 normal controls were identified 
with a sensitivity of 94% and a specificity of 100% (i.e., there were few undetected cases and no 
misidentified normal controls; Diehl-Schmid et al., 2007).  
 Florida Affect Battery (FAB; Bowers, Blonder,  & Heilman, 1991).  The FAB has 
facial and prosodic channels.  The emotions employed are happiness, sadness, anger, fear, and 
neutrality. Facial affect tasks include discrimination, naming (identification), selection (of facial 
expression to match the given label), and matching. Facial identification serves as a control task. 
The prosodic tasks are discrimination, naming, and "conflicting" (determining whether prosody 
matches semantic content).  There are also two cross-modal tasks:  matching prosody to a 
selection of faces, and matching an emotional face to a selection of emotionally prosodic 
sentences. 
Normative data have been collected from 164 normal individuals, ranging in age from 17 
to 85 years of age.  Norms are given for four age ranges within that span. Test-retest reliability 
for college students (N = 20) was .89, whereas for adults in their early 50s (N =12) it was .97.  
Factor analyses revealed two "independent" factors. One corresponds to a visual/facial factor and 
the other corresponds to a general prosody factor. 
Research utilizing the FAB has included patients with global aphasia (Barrett, Crucian, 
Raymer, & Heilman, 1999), temporal lobectomy (Carvajal, Rubio, Martín, Serrano, & García-
Sola, 2009), mild cognitive impairment (Teng, Lu, & Cummings, 2007), frontotemporal 
dementia (Rosen et al., 2004), and Down syndrome (Carvajal, Fernández-Alcaraz, Rueda, & 
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Sarrión, 2012).  It has also been used in conjunction with magnetic resonance imaging to study 
the pattern of cortical lesions in dementia (Rosen et al., 2006). 
 New York Emotion Battery (NYEB; Borod, Welkowitz, & Obler, 1992). The NYEB 
employs facial, prosodic, and lexical channels, and uses eight emotions (anger, sadness, 
happiness, fear, disgust, interest, and pleasant and unpleasant surprise).  Its procedures are 
discussed in detail in the Methods section of this paper. 
The NYEB has been used in several studies comparing right hemisphere brain damage 
(RBD) patients, left hemisphere brain damaged (LBD) patients, and normal controls (Nakhutina, 
Borod, & Zgaljardic, 2006; Zgaljardic et al., 2002; Borod et al., 1998; Cicero et al., 1999).  
Normal aging (Finley, 2010; Grunwald et al., 1999; Savage, 2012) and the (ethnic) in-group 
advantage in emotional perception (Teague, 2014) have also been studied. 
 Penn Emotion Recognition Test (Erwin et al., 1992; Gur et al., 1992).   The Penn 
Emotion Recognition Test assesses the facial channel only.  The battery consists of two subtests:  
The Penn Emotion Acuity Test (PEAT) and the Emotion Intensity Differentiation Task 
(Emodiff).  The PEAT stimuli are cards with images of happy, sad, and neutral facial 
expressions.  The task is to rate each card from the "very sad" to "very happy" on a 7-point 
Likert scale.  The Emodiff presents two poses by the same individual showing the same emotion 
(either happy or sad), and requires the participant to select the more intense expression.  The 
battery uses a facial age discrimination task as a control (Erwin et al., 1992a).  
The validation study (Erwin et al., 1992b) used 39 normal participants ages 19 to 73.  
Norms were not reported, but split-half reliabilities were 0.94, 0.86, and 0.91 for the happy-
neutral, sad-neutral, and age discrimination tasks, respectively (all p < 0.001). 
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Research using this instrument has investigated schizophrenia (Brown & Cohen, 2010; 
Eack et al., 2013; Heimberg, Gur, Erwin, Shtasel, & Gur, 1992; Weiss, Kohler, et al., 2007), the 
catechol-O-methyl transferase gene variant (implicated in schizophrenia; Weiss, Stadelmann, et 
al., 2007), Alzheimer's disease (Spoletini et al., 2008; Weiss et al., 2008), Parkinson's disease 
(Assogna et al., 2010; Pontieri et al., 2012), depression (Gur, Erwin, Zwil, Heimberg, & 
Kraemer, 1992), borderline personality disorder (Daros, Zakzanis, & Ruocco, 2013), and autism 
(Eack et al., 2013; Eack, Mazefsky, & Minshew, 2014; Schneider et al., 2013). 
  Perception of Emotion Test (POET; Egan, Morris, Stringer, Ewert, & Collins, 
1990).  The POET uses the facial, prosodic, and lexical channels.  The test uses four emotions: 
anger, happiness, sadness, and neutrality.  The presentation of stimuli is distinctive: the first 
subtest has videos of facial expressions, the next, emotionally neutral text, then videos of 
emotional words presented with flat affect, and, finally, videos with facial expression, prosody, 
and lexical content all expressing the same emotion.  
The POET was originally administered to 100 normal adults with a mean age of 22.2 
years, 11 LHD patients (mean age = 65.9 years), and 10 RHD patients (mean age = 63.6 years) 
(Egan, 1989). The lack of age and numerical equivalence between normal controls and patient 
groups is a significant drawback to the validity of this battery.  Normative and psychometric data 
are not available. 
The POET has been used to research emotion recognition deficits in right-and left-
hemisphere stroke patients (Egan et al., 1990) and Asperger's syndrome (Lindner & Rosén, 
2006), as well as to predict cognitive outcomes in schizophrenia (Kee, Kern, & Green, 1998; 
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Kee, Green, Mintz, & Brekke, 2003).  It has also been used to differentiate processing pathways 
between fixed and dynamic facial expressions (Kilts, Egan, Gideon, Ely, & Hoffman, 2003b). 
 Profile of Nonverbal Sensitivity (PONS; Rosenthal, Hall, & DiMatteo, 1979).   The 
PONS is distinctive for how it conceptualizes discrete emotions and for how it presents stimuli. 
Stimuli are 220 audiovisual excerpts of two seconds each drawn from 20 longer scenes, with 
each scene displaying a specific emotional quality.  The scenes are edited to produce stimuli for 
11 channels or combinations of channels.  Five types of scenes are single channel: full body, face 
only, body only, audio with low-pass filtered voice, and audio with random-spliced voice.  The 
other six channels are all combinations of a visual channel with an audio channel. Participants 
are presented with a choice of dominance or submission combined with positive or negative 
affect.  Each item is a choice of four emotions, with two choices each from the dimensions of 
valence and dominance (i.e., choices include positive-dominant, negative-dominant, positive-
submissive, and negative-submissive). 
The PONS was the earliest of the emotional perception batteries to find significant 
research usage.  Research areas include Tourette's syndrome (Devinsky, Bear, Moya & 
Benowitz, 1993), learning disabilities (Jackson, Enright, & Murdock, 1987; Stone & Greca, 
1984), schizophrenia (Toomey, Wallace, Corrigan, Schuldberg, & Green, 1997), "subordination" 
in married working women (Hall & Halberstadt, 1994), and physician rapport-building abilities 
(DiMatteo, Friedman, & Taranta, 1979).  The PONS has a KR-20 internal consistency of .86, 
despite low interitem correlations. 
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Methods 
Participants 
The sample of participants is composed of 122 healthy, right-handed adults, aged 20 to 
88 years. Participants are evenly distributed within this age range, and evenly divided by sex and 
by ethnicity (i.e., they were approximately 50% Caucasian).  Handedness was assessed by the 
lateral preference inventory (Coren, Porac, & Duncan, 1979), with no history of converting from 
left-handedness.   Participants were either native English-speakers or fluent in English by the age 
of seven.  
Participants were recruited using announcements at nearby community and senior 
centers, flyers, and newspaper advertisements.  Participants were also recruited at lectures and 
public events at Queens College and Mount Sinai Medical Center.  
Procedures 
All testing was done in the emotion laboratories of Dr. Borod at Queens College and 
Mount Sinai Medical Center.  Prior to testing, all participants provided informed written consent, 
and consent was verbally reiterated at several points during the performance of the battery. The 
full battery (including interviews, questionnaires, and experimental and control tasks) lasted 
approximately eight hours, and approximately five hours if the emotional expression tasks were 
not performed. Participants were reimbursed at a rate of $12.50 per hour, plus travel expenses. 
The research protocol was approved by the Queens College and Mount Sinai School of Medicine 
Institutional Review Boards. 
Exclusion criteria and screening measures.   Potential participants were initially screened 
by phone interview for cognitive, psychiatric, and neurological functioning.  Potential 
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participants were excluded from the study if information from the screening questionnaire 
indicated any history of learning disability, neurological disease, psychiatric disorder, 
psychotropic drug treatment, or substance abuse with a questionnaire from the NYEB.   
Participants who cleared the initial screening were given the Schedule for Affective 
Disorders and Schizophrenia – Lifetime Version (SADS-L; Endicott & Spitzer, 1978) and the 
Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961), which  
were used to assess psychiatric history in more detail.  Mood was assessed in older participants 
with the Geriatric Depression Scale (GDS; Yesavage, Brink, Rose, Lum, O, Huang, & Adey, 
1982). Socioeconomic status (SES) was assessed with the Hollingshead Scale (Hollingshead, 
1977).  Participants were excluded if responses indicated any history of substance abuse and/or 
Axis I psychiatric disorder. 
Participants who cleared all questionnaires were then asked to complete a battery of tests 
to ensure appropriate levels of perceptual, cognitive, and intellectual functioning to carry out the 
emotion battery.  For cutoff scores, see Table 2.  
Both auditory and visual perception were assessed.  Auditory perception was screened 
using a pure tone threshold hearing task (Beltone, 1987; Borod, Obler, Albert, & Stiefel, 1983). 
Participants were screened for both visual inattention and visual perception deficits with 
cancellation tasks (Mesulam, 1985) and Benton’s Visual Form Discrimination Test (VFDT; 
Benton, Hamsher, Varney, & Spreen, 1983).  
The Boston Diagnostic Aphasia Examination (BDAE; Goodglass & Kaplan, 1983) was 
used to assess auditory comprehension, reading comprehension, and oral expression. Auditory 
comprehension was measured with the Commands and Complex Ideational Material subtests, 
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reading comprehension with the Reading Sentences and Paragraphs subtest, and oral expression 
with the Reading Sentences and Paragraphs subtest. 
Intelligence, attention, and memory, were also assessed.  General intellectual ability was 
assessed using the Information and Block Design subtests of the Wechsler Adult Intelligence 
Scale – Revised (WAIS-R; Wechsler, 1981). Basic attention and memory were assessed with the 
attention and memory subtests of the Dementia Rating Scale (DRS; Mattis, 1988).  The Logical 
Memory Subtest from the Wechsler Memory Scale – Revised (WMS-R; Wechsler, 1987) was 
used to further assess memory 
Finally, a brief mental status screening test (Orientation-Memory-Concentration Test; 
Katzman, Brown, Fuld, Peck, & Schecter, 1983) was used to screen for dementia.  Participants 
over the age of 80 underwent a more comprehensive screen for dementia, which included the full 
DRS (Mattis, 1988) and the Mini Mental Status Exam (MMSE; Folstein, Folstein, & McHugh, 
1975).  
Experimental tasks.  Following screening procedures, all participants performed the 
emotional and control tasks of the NYEB.  The NYEB has several emotional expression tasks, 
which were performed by 117 of the 122 participants. These tasks, however, are beyond the 
scope of this study, and are not analyzed here. 
 Nonemotional perceptual tasks.  All participants completed nonemotional tasks in all 
three channels to control for cognitive and perceptual factors that could potentially confound 
performance on the emotional experimental tasks. 
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 Facial channel.  All participants completed the abbreviated version of the Benton Facial 
Recognition Test (Benton et al., 1983), a measure of nonemotional identity recognition. For this 
test, participants are asked to match a photograph of a person's face to the same person's face 
among six black and white photographs of nonemotional faces.   Test items may require either 
one or three faces to be selected.  The angle of orientation and degree of lighting in the 
photographs is varied from the reference photograph to increase item difficulty. The maximum 
possible score was 27 points (one for each space correctly chosen) and the total score was 
doubled to match the long form score of a possible 54 points.  
In addition, the Visual Matrices Test (Borod, Martin, Alpert, Brozgold, & Welkowitz, 
1993) was administered to control for basic form recognition. In this test, participants are shown 
pictures of squares in which portions of the squares are blackened. They are subsequently shown 
a second page with four squares and are asked to identify the square that is identical to the square 
on the first page. The test consists of 24 items and the number of blackened portions gradually 
increases throughout the test to vary the level of difficulty. The total number of squares correctly 
identified was summed to create a total score out of 24 possible points. 
 Prosodic channel.   Control tasks were employed to measure auditory discrimination and 
intonational stress perception. The Phoneme Discrimination Test (Benton et al., 1983) presents 
30 tape-recorded pairs of pseudowords.  Participants are asked to judge whether the pseudowords 
were the same or different from each other (i.e., have the same collection of phonemes in the 
same order, or not).  
Pairs of stimuli which were different generally differed by the substitution of a single 
phoneme. Perception of acoustic nonemotional stress was tested with the Intonation Contours 
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Perception Task (Borod et al., 1992).   In this task, 24 tape-recorded nonsense syllable strings 
expressed in different intonations, and participants are asked to identify which type of intonation 
(among three choices) is being used.   The three types of intonational stress are declarative, 
interrogative, and emphatic.  Each of 12 items is presented twice. Answers are selected from a 
response card containing a drawing, verbal label, and punctuation symbol representing each 
contour. 
 Lexical channel.  Stimuli for the lexical control tasks are nonemotional-content words 
and sentences presented on paper for no more than 20 seconds. Participants are asked to identify 
which of eight categories is being depicted.  The choices are: body type, complexion, hair type, 
intelligence, personality, teeth, vision, and voice type.  
Emotional tasks.  There are a total of seven emotional tasks in the NYEB.  Each of the 
three channels has both identification and discrimination tasks, although the lexical channel has 
two separate identification tasks.  Each task includes three positive (happiness, pleasant surprise, 
and interest) and five negative (sadness, fear, anger, disgust, and unpleasant surprise) discrete 
emotions. Emotions were selected based on the primary emotions posited by Ekman and Friesen 
(1976), albeit with surprise being divided into pleasant and unpleasant types to test theoretical 
notions about valence. Interest was included as some have argued that it, too, is a primary 
emotion (Izard, 1977).  
Task order was counterbalanced across four sequences, and each task had two forms 
which were counterbalanced by reversing the order of the stimuli. 
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 Facial perception.  Stimuli used for the facial perception task include Ekman and 
Friesen’s (1976) slides showing happiness, sadness, fear, anger, and disgust.  These were 
supplemented with new slides of the same emotions, along with slides showing pleasant surprise, 
unpleasant surprise, and interest. Slides were presented on a Caramate projector. 
For the facial identification task (FID) participants are shown slides of different 
emotional expressions and are asked to identify the emotion being expressed by speaking or 
pointing to the correct response on a card listing all eight emotions. Slides are exposed for a 
maximum of 20 seconds. Prior to beginning the task, participants are asked to read the eight 
response choices aloud to ensure familiarity with their meaning. The arrangement of the choices 
on the response cards were randomized, then counterbalanced across four cards. There are two 
practice trials and 32 experimental trials. Each emotion appears four times.  The stimuli are 
posed with 16 male and 16 female posers, balanced across emotions.  
For the discrimination task (FDISC), participants are shown two slides depicting either 
the same or different emotional facial expressions. Participants are asked to indicate whether the 
pair of facial expressions displayed conveys the same or different emotion by responding 
verbally or by pointing to the response on a printed card. Each pair of images is presented for 
five seconds with a one-second interstimulus interval (ISI). Two equivalent sets of stimuli were 
used, each consisting of 28 pairs, with each emotion being portrayed a total of seven times.  
Three  practice trials were also included. Each set contains 14 same and 14 different pairs.  
Fourteen male and 14 female faces were used, balanced across emotions. 
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 Prosodic perception.  Stimuli for prosodic tasks are neutral-content sentences (e.g., 
“They found it in the room”), spoken by actors and actresses in eight emotional tones. Four 
different sentences are used,.  The sentences were selected for similar grammar, rhythm, and 
length, comprehensibility, and low emotionality. Sentences are tape-recorded. All auditory 
stimuli were presented open field via a tape recorder at a volume level that was sufficiently loud 
for each participant. 
For the identification task (PID), recordings of emotionally intoned sentences are 
presented on audiotape, and participants are asked to identify the emotion portrayed verbally or 
by pointing to one of the choices listed on the 81/2 x 11 inch (21.6 x 27.9 centimeter) response 
cards described above. The task consists of two practice trials and 24 experimental trials. Posers 
in the 24 trials are gender-balanced, and each emotion appears three times. Two randomized 
stimulus sets were used for the identification task. 
For the discrimination task (PDISC), two sentences intoned by the same poser with the 
same or different emotional tone are presented on audiotape, and participants are asked to 
indicate whether the emotional tones used were the same or different verbally or by pointing to a 
printed card. For each pair, sentences are presented at a normal cadence (i.e., approximately 
three seconds in length) with a one-second ISI. Two equivalent sets of stimuli were used (A, B), 
each consisting of 28 pairs (14 male and 14 female) along with three practice trials. Each set 
contained 14 “same” and 14 “different” pairs. 
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 Lexical perception.  Stimuli for the lexical tasks are words or sentences with emotional 
content presented on a sheet of  paper for no more than 20 seconds. 
Two lexical identification tasks were used: word identification (WID) and sentence 
identification (SID). In the WID task, three-word clusters (each word representing the same 
emotion) are presented in a vertical column, and participants are asked to indicate (verbally or by 
pointing to the response card) which emotion each cluster represents. For the lexical SID task, 
sentences are presented one at a time, and participants are asked to indicate the emotion 
represented by the sentence. Each task has 24 trials, with each emotion represented three times in 
each task. 
For the lexical discrimination task (WDISC), two printed words are presented, one 
directly above the other, representing either the same or different emotions. Participants are 
asked to indicate whether the emotions represented by the words are the same or different 
emotion verbally or by pointing to a printed card. Two counterbalanced stimulus sets are used, 
each containing 28 pairs of words and three practice trials. 
There is no lexical sentence discrimination task in the NYEB. 
Scoring procedures. Emotion perception task responses were scored for accuracy 
(inaccurate = 0, accurate = 1) and, in identification tasks, the specific response was also 
recorded. 
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Data Analysis  
Data inspection. All items were inspected for missing data.  Items were examined for 
outliers in accuracy (especially having particularly low average scores).   Items whose scoring 
did not correlate positively with subtest scoring were noted. 
Descriptive statistics. Means and standard deviations were calculated for all items. 
Distributions, including means, standard deviations, skew, and kurtosis, were calculated for all 
subtests. Subtest distributions were graphically represented.   Aspects of individual items or 
subtests which are grossly indicative of poor psychometric qualities were noted. 
Reliability. Cronbach's Coefficient Alpha, Spearman-Brown split-half reliability, and 
Guttman split-half reliability were used to assess internal consistency of all individual subtests.  
Calculation of Coefficient Alpha was done with the raw procedure, as it is generally considered 
robust for non-normal data (Yu, 2001).    Internal consistency was also assessed for the overall 
NYEB.  Subtests with insufficient internal consistency (i.e., < 0.5) were discarded in any further 
analysis. 
Classification of variables. An exploratory cluster analysis was performed as an 
exploratory procedure to assess the similarities among how emotions are perceived.  That is, it 
identifies clusters of participant responses or score in n-dimensional space, with n being the 
number of classification variables to be analyzed. The calculation of clusters was done by the 
Euclidean space method, and representation of the results was in the form of dendrograms (i.e. 
diagrams of branching of unequal lengths; Calinski & Harabasz, 1974).  There were no 
assumptions that needed to be satisfied for Euclidean space cluster analysis.   
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Latent variables. The presence of latent variables was determined by factor analysis.  
Factor analysis assumes a degree of collinearity between variables (i.e., individual item scores).  
This was tested by Bartlett's test of sphericity.  Another consideration, if not quite an assumption, 
was the maintenance of a sufficiently high ratio of number of participants to variables.  Cattell 
(1978) recommended a ratio of three to six times as many participants as variables, whereas 
Everitt (1975) argued for a ratio of at least ten to one.   The minimum sample size considered 
advisable ranges from 100 (Gorsuch, 1983) to 300 (Comrey, & Lee, 1992).   In contrast, a study 
by Mundfrom, Shaw, and Ke (2005) used multiple simulations to determine that a smaller 
number of variables requires a larger minimum sample size than does a larger number of 
variables.  A further consideration is the number of factors: regardless of the overall N or N-to-
variable ratio, an empirical test for the appropriateness of factor analysis for the current data set 
is a result with a small number of factors (those with eigenvalues greater than 1.00).  
The factor analysis was performed on all internally consistent subtests, as well as on the 
battery overall.  Measurement was done with a principal components analysis, followed by a 
Varimax rotation to potentially reduce the number of factors in each solution or to provide 
greater contrast between input variables.  The relative merits of these two techniques are 
discussed in terms of how well each outcome provides guidance for test construction and 
matches theories of emotion perception. 
Patterns of misidentification and response bias. Data were examined for specific pairs of 
emotions that were mistaken for each other, both in individual channels and overall.  Biasing 
patterns (mistaking a stimulus of one emotion for a second emotion, but not the reverse) was 
visually examined and reported on.   Chi-square tests were used to compare means for individual 
emotions in all identification subtests, as well as for the sums of all subtests. To test for 
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differences in the rates of identification of positive emotions against negative emotions, and 
approach emotions against withdrawal emotions, two separate t-tests  were performed. 
Testing of means by gender and age.  To create means that are as stable as possible, a 
reduction of dimensions by collapsing gender and/or age group categories was attempted.  A 
two-way ANOVA would be the preferred statistical test, as it detects main effects in both 
variables as well as any interaction effects.  But ANOVA assumes that the variances across the 
groups are approximately equal.  Unfortunately, previous research in our laboratory found 
widespread non-normality, though the data sets consisted of 117 participants.  Levene’s Test of 
Homogeneity of Variance (Levene, 1960) had been found significant for FID, PID, WID, 
FDISC, and PDISC (Savage, 2012). Homoscedasticity was again tested with Levene's test.  For 
those subtests that failed (i.e., where the assumptions of ANOVA also failed), non-parametric 
alternatives were used instead. 
In that case, an attempt to collapse the two gender variables would be attempted first.  
Levene’s test for homoscedasticity (i.e., equality of variances: Levene, 1960) would be 
performed for all subtests for gender (collapsing all age groups).  Differences in means between 
genders will be tested with an independent samples t-test for unequal variances. Differences in 
variance among age groups will be tested with Levene's Test.  If both tests were to be non-
significant, the Kruskal-Wallis test (Kruskal & Wallis, 1952) would be used to establish equality 
or inequality of means across age groups.   
If ANOVA should be, in the end, employed, the interaction p value would be of interest, 
as a significant interaction effect will indicate that separate norms for men and women (within 
each age group) will be necessary.  If non-parametric tests are to be used, then interactions will 
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not be measured.  The current literature indicates that there is still no consensus of an acceptable 
non-parametric test which measures interactions.  
 
 
 
 
 
 
 
 
 
Results 
Data Inspection and Descriptive Statistics 
No missing data were identified.  The scores on individual items in the identification 
subtests were inspected for outliers. The range of average scores for facial identification was 
from 0.40 to 0.94, with a mean of 0.72.  Prosodic identification had averages ranging from 0.39 
to 0.79, with a mean of 0.55.  Lexical word averages ranged from 0.70 to 0.95, around a mean of 
0.88.  Sentence identification ranged from 0.64 to 0.96, with a mean of 0.78.  It was judged that 
none of the items on the identification tasks were problematic regarding their ease or difficulty.  
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The average scores and standard deviations of individual identification items can be found in 
Tables 3 to 6. 
Discrimination tasks had several items that were problematic.  Facial discrimination item 
1 had an average score of 1.00 (i.e., every participant answered this item correctly), which 
indicates that it provides no variance and therefore no differentiation among participants.  The 
same was true for seven different items from prosodic discrimination.  Exclusive of those items, 
the average score for facial discrimination ranged from 0.53 to 0.97, with a mean of 0.84.  
Prosodic discrimination had a range of 0.67 to 0.99, with a mean of 0.95.   Word discrimination's 
range is 0.52 to 0.99, with a mean of 0.83.  For each discrimination subtest, the lowest score in 
the range is much further from the mean than the highest.  This is due to the very high the 
average item scores.  The average scores and standard deviations of individual discrimination 
items can be found in Tables 7 to 9. 
Histograms were plotted for total scores for all seven subtests (see Figures 2 to 8) to give 
a fuller characterization of the distributions.  The distribution for prosodic discrimination (Figure 
7) seems to show a strong ceiling effect.   
Statistical parameters (mean, median, mode, standard deviation, skewnesss, and kurtosis) 
were calculated for all subtests.  This information can be seen in Table 10.  Each of the subtests 
had negative skew, ranging from a minimum of -0.402 for word discrimination to a maximum of  
-1.533 for word identification.  This pronounced negative skew is a strong indicator of non-
normality, and it challenges the assumptions of the use of parametric statistical procedures for 
many of the analyses performed.  The facial identification histogram (Figure 2), which seems to 
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portray a bimodal distribution, has a kurtosis of only 0.746, making bimodality unlikely to be the 
case. 
Reliability 
To insure that no test items need be removed to achieve optimal internal consistency, all 
items were checked for a positive point-biserial correlation with scores for their respective 
subtests (see Tables 11 to 17).  A negative correlation was observed for only a single item (word 
discrimination item 20), and it was removed from internal consistency calculations.   
Cronbach's Coefficient Alpha and two forms of split-half reliability (Spearman-Brown 
and Guttman's) were calculated for all subtests.  These data are presented in Table 18.  
Identification tasks showed fair to good Coefficient Alpha, ranging from a low of 0.645 for facial 
identification to a high of 0.751 for word identification. 
Two of the three discrimination subtests showed low enough internal consistency to make 
their continued use with normal populations highly problematic.  Facial discrimination had an 
alpha of 0.377 and a Spearman-Brown reliability of -0.38.  Prosodic discrimination had an alpha 
of 0.253 and a Spearman-Brown reliability of 0.189.  The word discrimination subtest showed 
fair internal consistency (alpha = 0.619).  It is lower than that for any of the identification 
subtests.  It is also hard to envision an appropriate use for a single discrimination task in 
combination with four identification tasks.  As a result, to calculate Coefficient Alpha for the 
overall NYEB, it was decided to use only identification subtests.  For all four subtests, alpha was 
0.897, which is generally considered to be very good.  With the word identification task removed 
from the total (i.e., combining facial, prosodic, and sentence identification tasks), alpha was 
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0.867, and with sentence identification removed (i.e., combining facial, prosodic, and word 
identification tasks) it was 0.861.   
Classification of Variables 
Average linkage diagrams (i.e., dendrograms) were generated for the cluster analyses of 
each of the four identification subtests and for the combined identification subtests.  Visual 
inspection was performed on the results.  Facial identification (Figure 9) appears to have no 
obvious subgroupings (i.e., the clustering appears to be more sequential than branching), and is 
therefore hard to interpret.  Prosodic identification (Figure 10)  shows short distances between 
pleasant surprise and interest, and between sadness and disgust, which could perhaps indicate 
some limited effects attributable to the either the positive/negative or approach/withdrawal 
dimensional models of emotion.  Word identification (Figure 11) shows two clusters: sadness 
with unpleasant surprise, and disgust with happiness.  No theoretical interpretation of this result 
is readily apparent.  Sentence identification (Figure 12) has a cluster of unpleasant surprise, 
disgust, and interest, and another of sadness and happiness.  One possible pattern being displayed 
here is perception of transient, stimulus-driven emotions, versus ones that are more chronic and 
might be appropriately described as "moods." 
The dendrogram for the overall (i.e., all four identification subtests) NYEB is of the most 
interest.  It can be seen in Figure 13.  The linkage pattern here is the most easily interpretable in 
light of theory.  One cluster links sadness and disgust extremely closely, with fear moderately 
linked to them.  Another links anger and interest very closely, with unpleasant surprise (neither 
an approach nor a withdrawal emotion) and happiness moderately linked to that pair.  These 
clusters map fairly well onto the approach/avoidance model of emotion.  While there appears to 
be no accepted form of significance testing for cluster analysis, it may be speculated that 
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(because of the greater number of cases) the overall NYEB represents a more stable set of 
clusters than those of individual subtests. 
Latent Variables 
Inferred (or latent) variables were first calculated by principal components analysis.  The 
four identification subtests (see Tables 19 to 22) rendered a first factor that had an eigenvalue 
between 2.2 and 2.8 and accounted for between 28% and 35% of the variance.  The loadings on 
individual emotions (across all subtests) ranged between 0.397 and 0.696; that is, all 32 loadings 
were moderately to strongly positive.  These data strongly suggests that the first factor in each 
analysis proved to be equivalent to the general factor predicted by theory.  This factor was even 
more prominent when a principal components analysis was done across all identification subtests 
(see Table 23), yielding just a single factor with an eigenvalue of 4.377.  This factor accounted 
for 54.72% of the variance, and had strong loadings on each emotion, ranging from 0.695 to 
0.785.  Varimax rotations on each subtest yielded neither fewer factors nor results that were as 
conceptually clear. 
The second factors for facial and prosodic stimuli seem quite similar:  they both load 
strongly positively for disgust and negatively for unpleasant surprise and interest.  One possible 
explanation is that disgust is a strongly transmitted emotion, whereas unpleasant surprise and 
interest are closer to being neutral stimuli.  This factor would then reflect the degree of 
sensitivity to more subtly communicated emotions. 
The second factors for lexical word and sentence stimuli share some similarities with 
each other, but are not similar to those for facial and prosodic stimuli.  The second factor for the 
word subtest loads positively on happiness, fear, anger, and disgust.  It loads negatively on 
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interest, sadness, and unpleasant surprise.  The second factor for the sentence subtest loads 
positively on happiness and fear, and negatively on interest.  Neither of these patterns fits the 
positive/negative model or the approach/withdrawal model.  They share positive loadings on 
happiness and fear and a negative loading on interest.  It is unclear how this pattern should be 
interpreted. 
 Patterns of Misidentification and Response Bias 
The distributions of responses (i.e., the emotions named) for individual identification 
subtests are presented in Tables 24 to 27.  Data were visually inspected for pairs of emotions that 
were mistaken for each other more than 15% of the time, with mistakes going in either direction.  
Facial identification had pairs of unpleasant surprise/fear and happiness/pleasant surprise.  The 
prosodic identification had pairs of anger/disgust, pleasant surprise/unpleasant surprise, 
happiness/pleasant surprise, and interest/pleasant surprise.  The large number of pairs for 
prosodic identification is undoubtedly due to its lower accuracy rate overall.  Lexical word 
identification had none over 15%, but happiness and pleasant surprise were mistaken for each 
other 13.12% of the time. Lexical sentence identification had no emotion pairs of note.  For the 
combined average across all four identification subtests (Table 28), happiness and pleasant 
surprise were mistaken for each other 14.94% of the time, followed by fear and unpleasant 
surprise at 11.16%.  Overall, sadness was the emotion most often recognized correctly (79.63 %) 
and interest was the emotion least often recognized correctly (68.92%).  
A high level of response bias, on the other hand, can be a threat to a test's validity.  
Across the four identification subtests, the most biased responses were mistaking pleasant 
surprise for happiness, interest for unpleasant surprise, and anger for disgust.  The individual 
subtests were examined for pairs of emotions where the difference between biases was at least 
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10% (e.g., if to anger stimuli are called "disgust" 15% of the time and disgust stimuli are called 
"anger" 4% of the time, the difference between biases would be 11%).  Strikingly, facial 
identification had the most such pairs, with interest being mistaken for unpleasant surprise, 
pleasant surprise being mistaken for happiness, and sadness being mistaken for anger.  There was 
no significant biasing of items in either prosodic or word identification tasks.  Sentence 
identification had interest mistaken for pleasant surprise 12.29% of the time. 
Overall, unpleasant surprise was by far the most over-identified emotion, receiving 15% 
more responses than it had stimuli presented, summed across all tests.  Fear was the most under-
identified emotion, receiving 7% fewer responses than it had stimuli.  The frequency of 
responses for each emotion was tested for all identification subtests, as well as for their summed 
totals.  The results of the chi-square test are shown in Table 29.  All showed highly significant 
results (i.e., observed frequencies significantly differed from expected) except for lexical word 
identification.  Comparisons of positive and negative emotions through use of a t-test (assuming 
unequal variances) found no differences between means for three of the four subtests, or for the 
combination of the four identification subtests (see Table 30). A significantly higher averages for 
negative emotions than for positive was found only for prosodic identification. Comparing 
approach and withdrawal emotions (see Table 31), there was no significant difference overall, or 
for any subtests other than word identification subtest (which showed a higher average for 
withdrawal emotions than approach). 
Comparison of Means for Age and Gender 
 Evaluation of whether means could be collapsed across the two genders was made 
through Levene's test and t-tests for equality of means.  Results are presented in Table 32.  No 
significant differences were found between gender means for any of the subtests.  
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Homoscedasticity was preserved for three of the four identification subtests, and overall.  The 
prosodic identification subtest yielded a significant effect, p = 0.041.  Given the broad fulfillment 
of the requirements, it was decided to treat the genders as equal.  As there was poor homogeneity 
of variance for all subtests except sentence identification (see Table 32), it was decided to use the 
Kruskal-Wallis test to determine whether there were differences across age groups.  The results 
(which can be seen in Table 33) revealed significant differences of mean scores across age 
groups, replicating earlier research from this lab.  As the score distributions are non-normal, 
norms for the NYEB can only be established by modeling the relationship between test scores 
and percentile ranks for each age group.  The current average of 17 participants per age group 
having been tested with the NYEB is simply too low a number to establish that relationship with 
any precision.  Means for age group scores for all subtests are shown in Table 37. 
 
Discussion 
Summary of Results 
 The NYEB is a three-channel (i.e., facial, prosodic, and lexical) battery that uses stimuli 
demonstrating eight emotions (anger, sadness, fear, unpleasant surprise, pleasant surprise, 
disgust, happiness, and interest) across seven subtests (four identification subtests and three 
discrimination subtests).  A total of 122 normal, healthy participants were tested.  Distributions 
of scores for all subtests were negatively skewed.  The internal consistency of the emotion 
identification tasks is fair-to-good for each individually, and very good when they are analyzed 
together.  The internal consistency of the discrimination subtests was poor-to-unacceptable for 
this set of participants.  Principal components analysis showed a first factor of general emotion 
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perception ability for each identification subtest, and a single general factor when the subtests 
were combined.  Cluster analysis showed varied results for individual identification subtests.  
For the four combined identification tasks, cluster analysis showed a strong linkage between 
sadness and disgust, and a somewhat weaker linkage between anger and interest.   The combined 
identification tests show no bias between positive and negative emotions, or between approach 
and avoidance emotions.  Unpleasant surprise was given as the response about 15% more often 
than it appeared as a stimulus.  Happiness and pleasant surprise were the emotions most likely to 
be mistaken for each other (across all identification subtests), followed by the pair of fear and 
unpleasant surprise. 
Reliability 
 Reliability for a test or a battery of tests is usually assessed in four domains: internal 
consistency, interrater reliability, split-half or parallel forms-reliability, and test-retest reliability.  
Interrater reliability need not be a concern, as the participants themselves are the "raters."  
Internal consistency and split-half reliability were directly addressed in this study.  The internal 
consistency reliability (alpha) for facial identification (0.649) was clearly not what would be 
desirable in a stand-alone test.  Fortunately, the alphas for prosodic, word, and sentence 
identification (0.741, 0.751, and 0.715, respectively) were each somewhat higher. When the four 
identification subtests are analyzed together the alpha is 0.897.   This partly reflects that the 
consistency across tests is also apparently good, and partly it reflects the tendency of alpha to 
rise as internal consistency is maintained over an increasing number of variables.  The 
Spearman-Brown split-half coefficients for identification tasks were generally quite close to the 
Coefficient Alpha for the same tasks. 
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 Internal consistency for discrimination tasks did not fare as well.  These subtests were 
originally intended to be administered to brain-damaged populations.  These tasks were therefore 
designed to be easier than the identification tasks, so that they would better be able to detect 
residual abilities in patients who were greatly impaired (Borod, Welkowitz, & Obler, 1992).  
With normal, healthy adults, however, the ease of the items forms the basis of some problems.  
For instance, in prosodic discrimination, seven of the 24 items were answered correctly by all 
122 participants.  This lack of variance seems to be critical in this task having very poor internal 
consistency.  Specifically, the alpha was 0.256, and the Spearman-Brown split-half reliability 
was -0.380.  Facial discrimination had only one item answered correctly by all participants, yet 
also had a poor alpha at 0.378.  Only lexical word discrimination fared moderately well, with an 
alpha of 0.619.  Adding word discrimination to the four identification tasks raises the overall 
alpha slightly, from 0.897 to 0.905, demonstrating that it has some consistency with the 
identification tasks.. 
 Test-retest reliability for the NYEB has been examined in one previous study (Zgaljardic 
et al., 2002).  With an N of 7 and a median test-retest delay of 25 months, the authors found 
significant pretest/posttest correlations for facial identification (r = 0.80; p < 0.05), prosodic 
identification (r = 0.94; p < 0.01), and lexical word identification (r = .89; p < 0.01).  Only 
lexical sentence identification (r = 0.52) was non-significant. 
Validity 
 Some types of validity for the NYEB have been (at least partly) addressed prior to the 
present study.  The NYEB has been shown to discriminate between right hemisphere brain-
damaged patients and healthy adults, establishing (at least for those populations) good criterion 
validity (Borod, Cicero, et al., 1998; Cicero, Borod, et al., 1999).  It is hoped that, in the future, 
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this criteria validity can be extended to less impairing forms of mental or neurological 
difficulties.  Discriminant validity has been tested repeatedly against the control measures of the 
battery (i.e., the cognitive, perceptual, and intellectual tasks) and has been continually supported.  
Convergent validity has not been tested (e.g., by a comparison with another widely used 
instrument on the same participants). 
 Content validity was a focus of the current study.  One aspect of the NYEB that could be 
a cause of concern is the relatively novel array of emotions that are assessed.  We have not seen 
splitting of surprise into "pleasant" and "unpleasant" in any other battery.  Also, "interest" is 
rarely seen in other batteries.  The exploratory tests of the structure of the emotions in the NYEB 
(i.e., the principal components analysis and the cluster analysis) provide somewhat mixed 
evidence on this point.  In the principal components analysis that considers all four identification 
tests at once, unpleasant surprise, pleasant surprise, and interest are fourth, fifth, and sixth in 
their factor loadings among emotions.  This provides some evidence that they are, in fact, 
perceived much in the same way as other emotions (especially Ekman's six primary emotions).  
Cluster analysis provides mixed evidence as to their content validity.   
 For the identification tasks overall, unpleasant surprise is strongly linked to happiness, 
interest is strongly linked to anger, and these two linkages are moderately linked to each other.  
This would seem to not only integrate them with two emotions generally concede to be primary, 
but make them part of a larger cluster that could generally be considered the approach emotions.  
Pleasant surprise, however, is only very weakly linked to any of other emotions.  The contrast 
between the linkages for pleasant and unpleasant surprise is interesting, as surprise is generally 
considered a unitary emotion in the research literature. 
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 One threat to content validity was noticed incidentally during this study:  the enormous 
disparity in accuracy scores between prosodic identification and prosodic discrimination.  
Prosodic identification was the most difficult of all subtests, while prosodic discrimination was 
the easiest of all subtests.  This is difficult to explain given that (as in all the other channels) 
either of the paired stimuli in a discrimination task seems essentially interchangeable with the 
single stimulus in an identification task.  It is possible that what is being tested in the prosodic 
discrimination subtest is not primarily emotion perception, but rather a matching of phonological 
features of the second stimulus to a verbatim recollection of the first stimulus stored in the 
participant's phonological loop, an element of their working memory (for a review of the 
phonological loop, see Baddeley & Della Sala, 1996).  Similarly, facial discrimination may 
ultimately be a perceptual matching task, where participants compare the positioning of features 
across both faces.  Neither of these processes, presumably, would involve much in the way of 
circuits that process emotion.  Only lexical word discrimination is likely to engage in an 
assessment of true emotional content, as the physical features of words do not provide guidance 
towards reaching a solution. 
Classification of Variables 
 The several hierarchical cluster analyses that were performed were an attempt to gauge 
the unity and diversity of abilities in emotion perception as they apply to specific emotions.  The 
mathematical structure of a cluster analysis is broadly similar to that of a factor analysis (i.e., one 
that involves rotation) or a multiple regression, but the hierarchical structuring of this type of 
cluster analysis provides a different perspective by allowing one to see a classification scheme 
for the variables (e.g., the specific emotions) rather than seeing them partitioned out in a series of 
weightings or factor loadings. 
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 There was no consistent pattern across the cluster analyses performed on the individual 
identification tasks.  For instance, the facial identification subtest (seen in Figure 9) had its first 
linkage between anger and happiness, with a rescaled distance between them of approximately 
one.  For prosodic identification (seen in Figure 10), happiness was added at the seventh (out of 
eight) iteration, and its rescaled distance from anger was approximately 18.  The cluster analysis 
done across all identification subtests may still be worthy of interpretation, however.  This would 
be partly because the greater number of data points entered should provide greater stability, as 
well as its dendrogram showing shorter linkage distances on average than are shown for any of 
the individual identification tasks.  It may be cautiously observed that seven of the eight 
emotions fall into one of the two major clusters.  The first cluster shows a very strong linkage 
between sadness and disgust, with those two emotions being more weakly linked to fear.  The 
second cluster shows strong linkages between anger and interest as well as between unpleasant 
surprise and happiness.  The most appropriate interpretation (in light of theory) would be that the 
first cluster represents withdrawal emotions, and the second cluster, except for unpleasant 
surprise, represents approach emotions.  One must approach any such interpretation cautiously, 
however, given the instability of the results for the individual identification tasks.  Furthermore, 
it is not entirely clear that emotions which are perceived should necessarily reflect the same 
underlying model as emotions which are felt (those being the phenomena originally described by 
Gray 1981). 
Latent Variables 
 To divine the nature of latent variables, a principal components analysis was performed, 
followed in most cases by a Varimax rotation.  For each of the identification subtests, the first 
factor of the principal components analysis appeared to be a general emotional perception factor, 
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with loadings going no lower than 0.421 for any emotion in any subtest.  Facial and prosodic 
identification shared a very similar second factor, one distinguished by a high positive loading 
for disgust, and moderate negative loadings for unpleasant surprise and interest.  Traditional 
models of emotion do not seem to apply to this pattern.  To speculate for a moment, it may be 
that disgust represents a strong, lasting, and inarguable reaction to a specific person or thing, 
while both unpleasant surprise and interest represents states of flux in terms of how a person or 
thing may be valued.  The second factors for the two lexical identification subtests have some 
commonalities in positive loadings for fear and happiness and a negative loading for interest, but 
while these are the largest factors for sentence identification, they have smaller loadings and 
several others in the second factor for word identification.  The Varimax rotations for the 
identification subtests should probably not be interpreted.  Since they are reapportioning the 
variance (including that which would otherwise go into the strong general factor), the 
interpretations of all factors would have to be changed.  Furthermore, one of the rationales for 
rotation is to have a sizable proportion of zero loadings for any factor (Thurstone, 1947).  
Rotation therefore necessarily makes any first factor not a general factor.  Given the strong 
possibility that emotion perception is a unitary process, such an approach may be negating a 
good result to get a result with strong intervariable contrasts. 
Bias Issues 
 There seem to be no strong biases in the NYEB.  Positive and negative emotions are each 
identified at approximately the expected rate (i.e., no significant difference between the number 
of stimuli for that valence and the number of responses given).  Approach and withdrawal 
emotions are also identified at approximately the expected rate. It is likely that the measurement 
of bias was limited in its sensitivity, due to the lack of a choice of "neutral" as a response (and of 
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neutral stimuli), as participants are more likely to demonstrate bias by moving, say, calling 
positively valenced stimuli "neutral," rather than the more radical shift of judging them to be 
from negative emotions. 
  Error patterns across individual emotions tend to be characterized by the involvement of 
either pleasant surprise or unpleasant surprise.  These emotions, however, are not commonly 
mistaken for each other in this data set.  Unpleasant surprise, in particular, draws incorrect 
responses.  Across all identification tasks, 38% of total responses giving unpleasant surprise as 
the answer are incorrect.  All other discrete emotions given as responses were incorrect less than 
30% of the time.  It seems likely that unpleasant surprise is used either as a proxy for either 
neutral emotion or some form of a "none of the above" response.   
Limitations 
 The current study has some limitations.  The NYEB was designed for working with 
neurologically impaired (i.e., brain-damaged) populations, as well as normal controls.  To that 
end, the non-normality of subtests results was by design.  The test with significant negative skew 
allows for better discrimination among those with lower scores, e.g.  the patient population.  For 
work with normal, healthy populations, on the other hand, this non-normality requires a larger N 
for the formation of adequately precise norms.  With 122 participants, this was not possible.  
Third, there was no brain imaging done.  While the results of the principal components analysis 
are consistent with the idea that judging different emotions relies primarily on a common 
processor, this is far from strongly supported without converging evidence such as might be 
provided by concurrent functional brain scanning.   
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Implications for Theories of Emotion Perception  
 Neuropsychological models of emotion perception.  Broadly speaking, there are two 
types of neuropsychological models of emotion perception for primary emotions.  Right 
hemisphere models propose (e.g.. Borod et al., 1998; Ross, Homan, and Buck, 1994) that the 
perception and expression of all primary emotions are lateralized to the right side of the brain.  
Other models (e.g., Davidson, 1995; Gray, 1981) propose that each emotion is lateralized to a 
specific hemisphere.  The results of the current study provide some evidence for each model. 
 The results of the PCA provide support for the right hemisphere model.  A strong 
general factor accounted for the largest share of the variance in each of the four identification 
subtests.  Across all the identification subtests, it accounted for 55% of the variance.  These data 
are consistent with the idea of a unified circuit for emotional perception.  None of the second 
factors that emerged in analysis of individual identification subtests were consistent with any 
current theory of lateralization. 
 The cluster analysis of individual emotions provided support for the 
approach/withdrawal model.  Sadness, disgust, and fear formed one loose cluster; anger, 
interest, happiness, and unpleasant surprise formed another.  It must be noted that this pattern 
did not emerge until all identification subtests were analyzed together.  This technique also does 
not provide researchers with significance levels or proportions of the variance for any analysis. 
 Within the cerebral hemispheres, there is consistent evidence for the activation of the 
amygdala when perceiving fear and of the insula and basal ganglia when perceiving disgust.  
Neither the PCAs nor the cluster analyses found any notable separation between the ability to 
perceive fear or disgust.  There are two possible interpretations of this conflicting evidence:  
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1. The broad activation of the right hemisphere during emotional processing is more 
significant than variations in activation within the right hemisphere. 
2. Identification of emotions is a qualitatively different process from the experience of 
emotion.  It is dependent on downstream processes that integrate information from areas 
other than those associated with emotional experience. 
These interpretations are not necessarily in conflict with each other.   
Implications for Emotional Intelligence  
Emotional intelligence (EI) is an ability model proposed by Mayer and Salovey (1993).  
In their original description, EI is a combination of four specific skills: understanding emotions, 
managing emotions, using emotions, and perceiving emotions.  Scherer (2011) has pointed out 
parallels to crystallized intelligence, in that the "ability" is largely dependent on knowledge about 
emotion.   
 The results of the current study are consistent with emotion perception as being a type of 
knowledge, rather than an ability, in two ways.  First, the lexical tasks are highly consistent with 
the tasks that rely on stimuli which recreate interpersonal situations.  The facial and prosodic 
stimuli should be more likely to stimulate an emotional response in the viewer because of their 
ecological validity.  Their realistic nature should generate the same discrete emotion as is being 
portrayed (i.e., through emotional contagion).  This phenomenon has been seen consistently 
when measured by either self-report or neuroimaging.  Second, the one clear distinction found in 
the current study between lexical and non-lexical tasks was the distinction between the second 
factors of their respective PCAs.  The second factor for non-lexical tasks has been characterized 
here as reflecting approach or withdrawal, which are ways of categorizing individual emotions 
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based on their interpersonal characteristics.  The NYEB appears to be primarily measuring a 
knowledge-based form of emotion perception.  Interpersonal and experiential aspects of emotion 
perception are also measured, but only within the channels of facial and prosodic perception. 
Evaluation of  the NYEB 
The NYEB was created with great care for a high level of validity.  For each subtest, a 
large array of potential stimuli was narrowed down to the current selection by employing the 
judgment of more than 200 raters.  Careful screening of potential participants has kept 
covariance with intellectual and emotional measures to a minimum. 
The current study provides broad support for further use of the NYEB in both clinical 
and experimental research.  Internal consistency was very good.  There are no biasing factors 
between any groups of emotions indicated by theory.  Both sexes performed equally on all 
subtests.  It has been employed with groups of participants up to their eighties.   
 The use of the NYEB with clinical and normal populations is supported by the current 
study. 
Recommendations 
 This most immediate need for the NYEB is a way to reduce its administration time.  
Significant time may be saved by reducing the number of subtests.  Administration of the 
discrimination subtests is not recommended, except with the most impaired populations.  Among 
the identification tests, it may be possible to withhold administration of one of the lexical 
subtests.  If this is done, internal consistency for the remaining subtests would be more than 
adequate (see table 35).  Arguments for retaining sentence identification would include that the 
resulting overall scale would have slightly higher alpha and slightly lower skew than one with 
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word identification instead.  The primary argument for retaining word identification would be 
that it has demonstrated (in one study) superior test-retest reliability to that of sentence 
identification.   
 Another way of reducing administration time would be to computerize test 
administration.  All the stimuli are amenable to digital presentation, and use of a touch screen for 
participant responses is feasible.  Another major advantage of computerization would be the 
potential for measuring response latency, which has been shown to (for example) to be a 
meaningful factor in emotional recognition processes in autism. 
 Assessment of convergent validity by co-administration of the NYEB with other 
instruments that employed the same channels may be helpful.  The DANVA, for instance, has 
facial and prosodic channels and good internal consistency.  It also has norms for normal 
pediatric populations, which are as yet untested with the NYEB, and would allow convergent 
validation of the NYEB for those populations. 
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Table 1 
Characteristics of notable emotion perception assessment batteries 
Battery name 
 
Author(s) Communication 
Channel(s) 
Stimulus Notes Emotions Assessed Task(s) 
 
Aprosodia Battery 
 
Ross et al., 
1997 
 
Prosodic 
  
Happiness, Sadness, Surprise, 
Anger, Disinterest, Neutrality 
 
 
Identification, 
Discrimination 
Comprehensive 
Affect Testing 
System (CATS) 
 
Schaffer et 
al., 2006 
Facial, Prosodic, 
Lexical 
Some subtests use 
cross-channel 
stimuli. 
Happiness, Sadness, Anger, 
Fear, Neutrality 
 
Identification 
The Diagnostic 
Analysis of 
Nonverbal Accuracy 
Scale (DANVA) 
 
Nowicki & 
Duke, 1989, 
1994 
Facial, Prosodic, 
Postural, 
Gestural  
DANVA-2 varies 
stimulus intensity. 
Happiness, Sadness, Anger, 
Fear 
Identification 
The Emotion 
Evaluation Test 
(EET) 
 
McDonald et 
al., 2003 
Facial, Prosodic, 
Postural, 
Gestural  
 
Stimuli use all 
channels at once 
(video scenes). 
Happiness, Sadness, Surprise, 
Anger, Disgust, Fear, 
Neutrality 
Identification 
Facial Expression of 
Emotion: Stimuli 
and Tests (FEEST) 
 
Young et al., 
2002 
Facial Some subtests 
blend emotions. 
Happiness, Sadness, Surprise, 
Anger, Disgust, Fear 
Identification 
Florida Affect 
Battery (FAB) 
 
 
 
 
 
 
Bowers et 
al., 1991 
Facial, Prosodic Some subtests use 
cross-channel 
stimuli. 
Happiness, Sadness, Anger, 
Fear, Neutral 
Identification, 
Discrimination 
5
7
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Battery name 
 
Author(s) Communication 
Channel(s) 
Stimulus Notes Emotions Assessed Task(s) 
      
Penn Emotion 
Recognition Test 
Erwin et al., 
1992; Gur et 
al., 1992 
Facial  Happiness, Sadness, 
Neutrality 
Identification, 
Discrimination, 
Intensity 
 
Perception of 
Emotion Test 
(POET) 
 
Egan et al., 
1990 
Facial, Prosodic, 
Lexical 
 Happiness, Sadness, Anger, 
Neutrality 
 
Identification 
Profile of Nonverbal 
Sensitivity (PONS) 
Rosenthal et 
al., 1979 
Facial, Prosodic, 
Postural, 
Gestural 
Stimuli use all 
channels at once 
(video scenes). 
Positive-dominant, Negative-
dominant, Positive-
submissive, Negative-
submissive 
Identification 
 
 
 
 
 
 
 
 
 
5
8
 
59 
 
Table 2  
Screening measures of the NYEB: cutoff values. 
 
Measure          Range    Minimum score for inclusion           
 
BDAE1 Commands subtest 0-15 3 of 6 points on items 1-3 
BDAE Complex Ideational Material  0-12 4 of 6 points on items 1-6 
BDAE Reading Sentences and 
Paragraphs  0-10 5 of 10 points 
WMS – R2 Logical Memory I 0-50 
 
7 Age-Corrected Scaled Score (SS) 
WMS – R   Logical Memory II 0-50 7 (SS) 
WAIS-R3 Information 0-29 7 (SS) 
WAIS-R Block Design 0-51 7 (SS) 
Benton Visual Form Discrimination 0-32 26 points 
Mattis Dementia Rating Scale - 
Attention 0-37 34 points 
Mattis Dementia Rating Scale - 
Memory 0-25 22 points 
Mattis Dementia Rating Scale - 
Total Score 0-144  
      Highly-educated Caucasian       
subjects    
129 points If 130-132, will complete CVLT 
– II4 
      Non-Caucasian subjects and 
subjects with <13 years of education  125 points; If 126-128, will complete CVLT – II  
Mini-Mental State Exam 0-30 27 points 
Benton Phoneme Discrimination 0-30 19 points 
Pure Tone Threshold   
500 Hz N/A Mean of both ears is less than or  
1000 Hz N/A equal to 40 dB for each frequency 
2000 Hz N/A  
 
1BDAE = Boston Diagnostic Aphasia Exam 
2WMS – R = Wechsler Memory Scales – Revised 
3WAIS – R = Wechsler Adult Intelligence Scale – Revised 
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Table 3 
Descriptive data for facial emotion identification items. 
 Item Emotion  N M SD  
 1 Anger   122 .54 .500  
 2 Happiness  122 .66 .477  
 3 Disgust  122 .89 .320  
 4 Interest     122 .77 .422  
 5 Disgust  122 .68 .468  
 6 Unpleasant surprise 122 .84 .372  
 7 Sadness  122 .82 .386  
 8 Pleasant surprise  122 .80 .405  
 9 Anger   122 .66 .477  
 10 Happiness  122 .77 .422  
 11 Pleasant surprise  122 .47 .501  
 12 Fear    122 .60 .492  
 13 Fear    122 .79 .411  
 14 Happiness  122 .85 .356  
 15 Sadness  122 .61 .491  
 16 Unpleasant surprise 122 .46 .500  
 17 Sadness  122 .51 .502  
 18 Interest   122 .57 .498  
 19 Unpleasant surprise 122 .75 .437  
 20 Fear    122 .75 .437  
 21 Disgust  122 .62 .487  
 22 Interest   122 .40 .492  
 23 Happiness  122 .85 .356  
 24 Fear    122 .74 .442  
 25 Pleasant surprise  122 .81 .393  
 26 Interest   122 .82 .386  
 27 Sadness  122 .87 .339  
 28 Unpleasant surprise 122 .69 .465  
 29 Anger   122 .94 .234  
 30 Pleasant surprise  122 .86 .348  
 31 Anger   122 .84 .364  
 32 Disgust  122 .71 .454  
  Facial ID average 122 0.72  
 
 
  
61 
 
Table 4 
Descriptive data for prosodic emotion identification items. 
 
 Item Emotion  N M SD  
 1 Sadness  122 .73 .446  
 2 Happiness  122 .49 .502  
 3 Fear    122 .45 .500  
 4 Pleasant surprise  122 .52 .502  
 5 Unpleasant surprise 122 .55 .500  
 6 Fear    122 .48 .502  
 7 Unpleasant surprise 122 .55 .500  
 8 Interest   122 .61 .489  
 9 Disgust  122 .39 .491  
 10 Sadness  122 .76 .427  
 11 Pleasant surprise  122 .63 .484  
 12 Interest   122 .49 .502  
 13 Fear    122 .51 .502  
 14 Happiness  122 .51 .502  
 15 Anger   122 .79 .411  
 16 Unpleasant surprise 122 .42 .495  
 17 Interest   122 .52 .501  
 18 Anger   122 .58 .495  
 19 Disgust  122 .52 .502  
 20 Happiness  122 .48 .501  
 21 Sadness  122 .53 .501  
 22 Pleasant surprise  122 .46 .500  
 23 Anger   122 .56 .499  
 24 Disgust  122 .75 .432  
  Prosodic ID average 122 .55  
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Table 5 
Descriptive data for lexical word cluster emotion identification items. 
Item Emotion  N M SD  
1 Sadness  122 .92 .275  
2 Happiness  122 .89 .310  
3 Anger   122 .86 .348  
4 Pleasant surprise  122 .80 .399  
5 Disgust  122 .84 .364  
6 Unpleasant surprise 122 .90 .299  
7 Disgust  122 .93 .262  
8 Interest   122 .80 .399  
9 Fear    122 .84 .364  
10 Sadness  122 .91 .288  
11 Interest   122 .88 .330  
12 Fear    122 .83 .379  
13 Pleasant surprise  122 .88 .330  
14 Anger   122 .93 .262 
15 Unpleasant surprise 122 .89 .320  
16 Happiness  122 .88 .330  
17 Pleasant surprise  122 .90 .299  
18 Disgust  122 .95 .217  
19 Happiness  122 .89 .310  
20 Unpleasant surprise 122 .90 .299  
21 Anger   122 .70 .458  
22 Fear    122 .89 .310  
23 Sadness  122 .94 .234  
24 Interest   122 .94 .234  
 Word  ID average 122 0.88  
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Table 6 
Descriptive data for lexical sentence emotion identification items. 
 
Item Emotion  N M SD  
1 Anger   122 .69 .465  
2 Happiness  122 .94 .234  
3 Unpleasant surprise 122 .92 .275  
4 Fear    122 .65 .480  
5 Happiness  122 .78 .417  
6 Sadness  122 .72 .450  
7 Pleasant surprise  122 .80 .405  
8 Interest   122 .80 .399  
9 Disgust  122 .82 .386  
10 Unpleasant surprise 122 .68 .468  
11 Anger   122 .77 .422  
12 Pleasant surprise  122 .75 .437  
13 Fear    122 .72 .450  
14 Interest   122 .86 .348  
15 Anger   122 .71 .454  
16 Sadness  122 .85 .356  
17 Pleasant surprise  122 .55 .500  
18 Interest   122 .85 .356  
19 Disgust  122 .80 .405  
20 Unpleasant surprise 122 .80 .399  
21 Happiness  122 .63 .484  
22 Sadness  122 .89 .310  
23 Disgust  122 .96 .199  
24 Fear    122 .72 .450  
 Sentence ID average 122 0.78  
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Table 7 
Descriptive data for facial emotion discrimination items. 
 
Item N M SD  
1 122 1.00 .000 
2 122 .76 .431 
3 122 .97 .157 
4 122 .73 .445 
5 122 .81 .397 
6 122 .78 .415 
7 122 .97 .181 
8 122 .75 .436 
9 122 .97 .157 
10 122 .67 .471 
11 122 .90 .302 
12 122 .81 .397 
13 122 .88 .324 
14 122 .98 .129 
15 122 .65 .480 
16 122 .97 .181 
17 122 .61 .489 
18 122 .93 .251 
19 122 .90 .302 
20 122 .85 .360 
21 122 .64 .482 
22 122 .87 .333 
23 122 .53 .501 
24 122 .95 .220 
25 122 .92 .266 
26 122 .96 .201 
27 122 .94 .236 
28 122 .94 .236 
Fdisc avg. .84  
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Table 8 
Descriptive data for prosodic emotion discrimination items. 
 
Item N M SD  
1 122 .98 .156 
2 122 .96 .199 
3 122 1.00 0.000 
4 122 .82 .386 
5 122 1.00 0.000 
6 122 .98 .128 
7 122 .95 .217 
8 122 1.00 0.000 
9 122 1.00 0.000 
10 122 1.00 0.000 
11 122 1.00 0.000 
12 122 .92 .275 
13 122 .98 .128 
14 122 1.00 0.000 
15 122 .89 .310 
16 122 .82 .386 
17 122 .99 .091 
18 122 .98 .128 
19 122 .98 .128 
20 122 .98 .128 
21 122 .67 .471 
22 122 .91 .288 
23 122 .98 .156 
24 122 .97 .179 
25 122 .97 .179 
26 122 .93 .249 
27 122 .94 .234 
28 122 .98 .128 
Pdisc avg. .95  
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Table 9 
Descriptive data for lexical word discrimination items. 
 
Item N M SD  
1 122 .90 .299 
2 122 .66 .477 
3 122 .84 .364 
4 122 .79 .411 
5 122 .52 .501 
6 122 .92 .275 
7 122 .70 .462 
8 122 .66 .477 
9 122 .71 .454 
10 122 .96 .199 
11 122 .99 .091 
12 122 .92 .275 
13 122 .61 .489 
14 122 .89 .320 
15 122 .89 .310 
16 122 .71 .454 
17 122 .66 .474 
18 122 .81 .393 
19 122 .95 .217 
20 122 .96 .199 
21 122 .86 .348 
22 122 .89 .310 
23 122 .73 .446 
24 122 .94 .234 
25 122 .93 .262 
26 122 .98 .156 
27 122 .91 .288 
28 122 .90 .299 
Wdisc avg. .83  
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Table 10 
Descriptive statistics for all subtests. 
         
 Facial ID ProsodicID WordID SentenceID Fdisc Pdisc Wdisc 
Mean 22.91 13.29 21.11 18.66 23.65 26.60 23.20 
Median 23.00 14.00 22.00 19.00 24.00 27.00 23.00 
Mode 22 17 23 20a 25 27 23 
Std. Deviation 3.979 4.434 2.984 3.539 2.253 1.257 2.973 
Variance 15.835 19.661 8.906 12.522 5.078 1.581 8.837 
Skewness -.800 -.553 -1.533 -.754 -.960 -1.355 -.402 
SE of Skewness .219 .219 .219 .219 .222 .219 .219 
Kurtosis .746 -.537 2.360 .680 1.619 2.425 -.587 
Std. Error of Kurtosis .435 .435 .435 .435 .440 .435 .435 
Range 20 18 15 18 12 6 12 
a. Multiple modes exist. The smallest value is shown 
 
 
 
 
 
 
 
 
6
7
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Table 11 
Point-biserial correlations of individual facial identification test item scores with subtest scores.       
     
Item   FID1 FID2 FID3 FID4 FID5 FID6 FID7 FID8 FID9 FID10 FID11 FID12 FID13 FID14 FID15 FID16  
Corr. w/FID total 328 .354 .297 .204 .415 .482 .264 .234 .436 .091 .158 .133 .402 .218 .295 .316  
Sig. (2-tailed)  .000 .000 .001 .024 .000 .000 .003 .009 .000 .320 .082 .143 .000 .016 .001 .000  
Item   FID17 FID18 FID19 FID20 FID21 FID22 FID23 FID24 FID25 FID26 FID27 FID28 FID29 FID30 FID31 FID32 
Corr. w/FID total .247 .255 .405 .329 .277 .200 .317 .222 .354 .328 .077 .498 .146 .570 .407 .086 
Sig. (2-tailed)  .006 .005 .000 .000 .002 .027 .000 .014 .000 .000 .400 .000 .110 .000 .000 .345  
 
 
Table 12 
Point-biserial correlations of individual prosodic identification test item scores with subtest scores. 
Item   PID1 PID2 PID3 PID4 PID5 PID6 PID7 PID8 PID9 PID10 PID11 PID12  
Corr. w/PID total .399 .489 .348 .345 .380 .338 .331 .467 .305 .568 .454 .385   
Sig. (2-tailed)  .000 .000 .000 .000 .000 .000 .000 .000 .001 .000 .000 .000 
Item   PID13 PID14 PID15 PID16 PID17 PID18 PID19 PID20 PID21 PID22 PID23 PID24 
Corr. w/PID total .454 .431 .460 .250 .337 .337 .323 .403 .239 .316 .424 .365 
Sig. (2-tailed)  .000 .000 .000 .000 .006 .000 .000 .000 .000 .008 .000 .000  
  
6
8
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Table 13 
Point-biserial correlations of individual lexical word identification test item scores with subtest scores.  
Item   WID1 WID2 WID3 WID4 WID5 WID6 WID7 WID8 WID9 WID10WID11WID12 
Corr. w/WID total .423 .182 .237 .594 .495 .299 .443 .448 .502 .387 .492 .257  
Sig. (2-tailed)  .000 .045 .008 .000 .000 .001 .000 .000 .000 .000 .000 .004  
Item   WID13WID14WID15WID16WID17WID18WID19WID20WID21WID22WID23WID24 
Corr. w/WID total .349 .306 .532 .391 .429 .378 .361 .188 .483 .450 .317 .282 
Sig. (2-tailed  .000 .001 .000 .000 .000 .000 .000 .038 .000 .000 .000 .002 
 
 
Table 14 
Point-biserial correlations of individual lexical sentence identification test item scores with subtest scores. 
Item   SID1 SID2 SID3 SID4 SID5 SID6 SID7 SID8 SID9 SID10 SID11 SID12  
Corr. w/SID total .458 .347 .480 -.007 .392 .558 .401 .374 .463 .453 .296 .377  
Sig. (2-tailed)  .000 .000 .000 .938 .000 .000 .000 .000 .000 .000 .001 .000 
Item   SID13 SID14 SID15 SID16 SID17 SID18 SID19 SID20 SID21 SID22 SID23 SID24 
Corr. w/SID total .408 .405 .526 .360 .353 .301 .499 .175 .158 .434 .438 .361 
Sig. (2-tailed)  .000 .000 .000 .000 .000 .001 .000 .054 .081 .000 .000 .000
6
9
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Table 15 
Point-biserial correlations of individual facial discrimination test item scores with subtest scores. 
 
Item   Fdis1 Fdis2 Fdis3 Fdis4 Fdis5 Fdis6 Fdis7 Fdis8 Fdis9 Fdis10 Fdis11 Fdis12 Fdis13 Fdis14  
Corr. w/Fdisc  total a .364 .261 .234 .435 .171 .365 .064 .237 .481 .283 .283 .198 .125 
Sig. (2-tailed)  a .000 .004 .010 .000 .064 .000 .490 .009 .000 .002 .002 .031 .175  
 
Item   Fdis15 Fdis16 Fdis17 Fdis18 Fdis19 Fdis20 Fdis21 Fdis22 Fdis23 Fdis24 Fdis25 Fdis26 Fdis27 Fdis28 
Corr. w/Fdisc  total .307 .095 .237 .212 .383 .299 .131 .211 .107 .066 .380 .490 .359 .120 
Sig. (2-tailed)  .001 .302 .010 .021 .000 .001 .155 .021 .248 .473 .000 .000 .000 .194 
a:  cannot be computed because the item scores are a constant. 
  
Table 16 
Point-biserial correlations of individual prosodic discrimination test item scores with subtest scores. 
 
Item   Pdis1 Pdis2 Pdis3 Pdis4 Pdis5 Pdis6 Pdis7 Pdis8 Pdis9 Pdis10 Pdis11 Pdis12 Pdis13 Pdis14  
Corr. w/Pdisc  total .076 .231 a .071 a .474 .260 a a a a .310 .216 a  
Sig. (2-tailed)  .406 .011 a .438 a .000 .004 a a a a .001 .017 a  
Item    Pdis15 Pdis16 Pdis17 Pdis18 Pdis19 Pdis20 Pdis21 Pdis22 Pdis23 Pdis24 Pdis25 Pdis26 Pdis27 Pdis28 
Corr. w/Pdisc  total .462 .411 .334 .062 .216 .062 .445 .333 .076 .014 .345 .417 .146 .371 
Sig. (2-tailed)  .000 .000 .000 .500 .017 .500 .000 .000 .406 .874 .000 .000 .108 .000 
a:  cannot be computed because the item scores are a constant.            
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Table 17 
Point-biserial correlations of individual lexical word discrimination test item scores with subtest scores. 
Item   Wdis1 Wdis2 Wdis3 Wdis4 Wdis5 Wdis6 Wdis7 Wdis8 Wdis9 Wdis10 Wdis11Wdis12 Wdis13 Wdis14  
Corr. w/Wdisc  total .208   .305 .441 .440 .379 .313 .496 .305 .305 .307  .190  .373 .377 .406   
   .022 .001 .000 .000 .000 .000 .000 .001 .001 .001 .036 .000 .000 .000  
Item    Wdis15 Wdis16Wdis17 Wdis18Wdis19 Wdis20Wdis21 Wdis22Wdis23 Wdis24Wdis25 Wdis26Wdis27Wdis28 
Corr. w/Wdisc  total .292 .318 .   223     .138     .233      -.042      .283     .193       .508         .266 .262 .332 .185 .273 
Sig. (2-tailed)  .001 .000   .014    .129      .010      .645      .002        .033      .000 .003 .004 .000 .041 .002 
 
Table 18 
Internal consistency and split-half reliability analysis for all subtests  
Test Cronbach's Alpha Spearman-Brown Guttman's split-half 
Facial identification .645 .649 .649 
Prosodic identification .741 .705 .704 
Word identification .751 .784 .780 
Sentence identification .715 .739 .738 
Facial discrimination .377 .189 .189 
Prosodic discrimination .253 - 0.38 - 0.33 
Sentence discrimination .619 .544 .524 
  
7
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Table 19 
Principal components analysis of facial identification subtest with stimuli grouped by discrete 
emotion. 
 
Component 1 2 3 
Eigenvalue 2.246 1.233 1.12 
Percent of variance 28.08 15.41 14 
Loadings by emotion 
   Anger .643 -.064 -.478 
Sadness .423 -.129 .702 
Fear .478 .375 .254 
Unpleasant surprise .696 -.411 .249 
Pleasant surprise .512 .005 .170 
Disgust .439 .691 -.086 
Happiness .533 .296 -.309 
Interest .451 -.580 -.375 
 
 
 
 
   Table 20 
Principal components analysis of prosodic intonation identification subtest with stimuli grouped 
by discrete emotion. 
 
Component  1 2 
Eigenvalue 2.682 1.087 
Percent of variance 33.52 13.59 
Loadings by emotion 
  Anger .607 -.170 
Sadness .629 .290 
Fear .545 -.327 
Unpleasant surprise .458 -.494 
Pleasant surprise .585 .270 
Disgust .481 .682 
Happiness .645 .042 
Interest .649 -.289 
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Table 21 
Principal components analysis of lexical word cluster identification subtest with stimuli grouped 
by discrete emotion. 
Component 1 2 
Eigenvalue 2.785 1.207 
Percent of variance 34.82 15.09 
Loadings by emotion 
  Anger .492 .428 
Sadness .634 -.497 
Fear .595 .359 
Unpleasant surprise .506 -.474 
Pleasant surprise .672 -.099 
Disgust .656 .354 
Happiness .509 .388 
Interest .625 -.372 
 
 
 
 
 
Table 22 
Principal components analysis of lexical sentence emotion identification subtest with stimuli 
grouped by discrete emotion. 
 
Component 1 2 
Eigenvalue 2.597 1.025 
Percent of variance 32.46 12.81 
Loadings by emotion 
  Anger .682 -.183 
Sadness .613 .085 
Fear .397 .557 
Unpleasant surprise .633 -.229 
Pleasant surprise .555 .042 
Disgust .636 .050 
Happiness .421 .572 
Interest .555 -.539 
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Table 23 
Principal components analysis of all identification subtests with stimuli grouped by discrete 
emotion. 
 
Component 1 
 Eigenvalue 4.377 
 Percent of variance 54.72 
 Loadings by emotion 
  Anger .776  
Sadness .785  
Fear .755  
Unpleasant surprise .742  
Pleasant surprise .724  
Disgust .714  
Happiness .695 . 
Interest .720 -. 
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Table 24 
Accuracy rates and error patterns for all emotions for facial identification. 
 
Responses 
       Stimuli A S F US PS D H I 
A 71.72% 2.05% 2.87% 4.71% 0.82% 5.33% 1.02% 11.48% 
S 14.75% 71.31% 0.82% 2.25% 0.00% 6.56% 0.00% 4.30% 
F 5.53% 1.84% 72.34% 17.21% 0.41% 2.05% 0.00% 0.61% 
US 2.66% 1.43% 17.21% 68.03% 7.38% 2.25% 0.00% 1.02% 
PS 0.00% 0.00% 1.02% 1.02% 71.52% 0.00% 26.43% 0.00% 
D 6.35% 9.02% 0.20% 5.74% 0.20% 77.66% 0.00% 0.82% 
H 1.02% 0.41% 0.20% 1.23% 9.63% 1.23% 79.71% 6.56% 
I 1.84% 6.35% 3.07% 17.21% 5.53% 3.28% 2.25% 60.45% 
Total 103.89% 92.42% 97.75% 117.42% 95.49% 98.36% 109.43% 85.25% 
Note:  shaded area represents correct responses. 
Key:  A = anger, S = sadness, F = fear, US = unpleasant surprise, PS = pleasant surprise, D = disgust, H 
= happiness, I = interest 
 
Table 25 
Accuracy rates and error patterns for all emotions for prosodic identification. 
 
 
Response 
        Stimuli A S F US PS D H I 
 A 73.50% 0.55% 0.82% 4.64% 0.82% 18.85% 0.27% 0.55% 
 S 1.91% 67.49% 6.83% 3.55% 1.37% 15.30% 2.19% 1.37% 
 F 2.19% 8.20% 58.74% 10.11% 4.10% 8.20% 1.37% 7.10% 
 US 4.64% 1.09% 2.73% 50.55% 18.58% 10.93% 3.55% 7.92% 
 PS 1.64% 0.27% 1.37% 20.49% 48.63% 1.64% 10.93% 15.03% 
 D 15.57% 4.64% 3.01% 10.11% 4.92% 44.81% 3.55% 13.11% 
 H 5.19% 4.10% 1.09% 3.83% 18.58% 7.38% 48.09% 11.75% 
 I 1.09% 2.73% 4.37% 16.67% 16.39% 3.28% 3.55% 51.91% 
 Total 105.74% 89.07% 78.96% 119.95% 113.39% 110.38% 73.50% 108.74% 
Note:  shaded area represents correct responses. 
Key:  A = anger, S = sadness, F = fear, US = unpleasant surprise, PS = pleasant surprise, D = disgust, H 
= happiness, I = interest  
7
6
 
 76 
 
Table 26 
Accuracy rates and error patterns for all emotions for lexical word identification. 
  
Responses 
       
  
A S F US PS D H I 
Stimuli A 84.15% 1.09% 5.19% 1.64% 0.00% 7.10% 0.27% 0.55% 
 
S 1.91% 92.90% 1.09% 2.73% 0.00% 1.09% 0.00% 0.27% 
 
F 1.64% 2.19% 84.97% 9.29% 0.00% 1.09% 0.00% 0.82% 
 
US 1.37% 1.09% 5.74% 87.70% 0.82% 2.46% 0.27% 0.55% 
 
PS 0.00% 0.55% 0.00% 1.09% 80.33% 0.27% 16.39% 1.37% 
 
D 2.73% 0.82% 0.82% 3.01% 0.00% 92.35% 0.00% 0.27% 
 
H 0.00% 0.00% 0.00% 0.27% 9.84% 0.00% 88.52% 1.37% 
 
I 0.27% 0.00% 0.55% 1.09% 3.55% 0.00% 1.91% 92.62% 
 
Total 92.08% 98.63% 98.36% 106.83% 94.54% 104.37% 107.38% 97.81% 
Note:  shaded area represents correct responses. 
Key:  A = anger, S = sadness, F = fear, US = unpleasant surprise, PS = pleasant surprise, D = disgust, H 
= happiness, I = interest 
 
Table 27 
Accuracy rates and error patterns for all emotions for lexical sentence identification. 
  
Responses 
       
  
A S F US PS D H I 
Stimuli A 72.13% 1.91% 0.55% 5.74% 0.00% 19.13% 0.00% 0.55% 
 
S 0.00% 89.62% 0.55% 6.01% 0.27% 1.91% 0.00% 1.64% 
 
F 0.27% 3.01% 70.49% 12.30% 1.09% 1.64% 1.64% 9.56% 
 
US 4.37% 1.91% 10.66% 78.69% 0.27% 3.28% 0.00% 0.82% 
 
PS 0.00% 0.00% 0.00% 1.09% 77.60% 0.00% 19.13% 2.19% 
 
D 0.55% 0.82% 10.66% 9.56% 0.27% 77.05% 0.27% 0.82% 
 
H 0.27% 0.00% 1.09% 0.00% 6.56% 0.27% 79.23% 12.57% 
 
I 0.00% 0.55% 1.09% 2.19% 14.48% 0.82% 7.38% 73.50% 
 
Total 77.60% 97.81% 95.08% 115.57% 100.55% 104.10% 107.65% 101.64% 
Note:  shaded area represents correct responses. 
Key:  A = anger, S = sadness, F = fear, US = unpleasant surprise, PS = pleasant surprise, D = disgust, H 
= happiness, I = interest 
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Table 28 
Accuracy rates and error patterns for all emotions for all identification subtests. 
  
Responses 
       
  
A S F US PS D H I 
Stimuli A 75.09% 1.45% 2.40% 4.22% 0.44% 12.04% 0.44% 3.91% 
 
S 5.42% 79.63% 2.21% 3.53% 0.38% 6.24% 0.50% 2.08% 
 
F 2.65% 3.66% 71.69% 12.61% 1.32% 3.15% 0.69% 4.22% 
 
US 3.22% 1.39% 9.71% 71.00% 6.81% 4.54% 0.88% 2.46% 
 
PS 0.38% 0.19% 0.63% 5.55% 69.67% 0.44% 18.85% 4.29% 
 
D 6.31% 4.22% 3.40% 7.00% 1.26% 73.33% 0.88% 3.53% 
 
H 1.58% 1.07% 0.57% 1.32% 11.03% 2.14% 74.34% 7.94% 
 
I 0.88% 2.71% 2.33% 9.90% 9.65% 1.95% 3.66% 68.92% 
 
Total 95.52% 94.33% 92.94% 115.13% 100.57% 103.85% 100.25% 97.35% 
Note:  shaded area represents correct responses. 
Key:  A = anger, S = sadness, F = fear, US = unpleasant surprise, PS = pleasant surprise, D = disgust, H 
= happiness, I = interest 
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Table 29 
Chi-square test for goodness-of-fit of frequencies of emotion responses for all identification subtests and 
for their total. 
 
A S F US PS D H I 
FID Observed 507 451 477 573 466 480 534 416 
FID Expected 488 488 488 488 488 488 488 488 
         
    
FID X2 df p value 
  
    
34.68 7 0.000 
  
         
 
A S F US PS D H I 
PID Observed 387 326 289 439 415 404 269 398 
PID Expected 366 366 366 366 366 366 366 366 
         
    
PID X2 df p value 
  
    
75.347 7 0.000 
  
         
 
A S F US PS D H I 
WID Observed 337 361 360 391 346 382 393 358 
WID Expected 366 366 366 366 366 366 366 366 
         
    
WIDX2 df p value 
  
    
8.131 7 0.321 
  
         
 
A S F US PS D H I 
SID Observed 284 358 348 423 368 381 394 372 
SID Expected 366 366 366 366 366 366 366 366 
         
    
SID X2 df p value 
  
    
31.175 7 0.000 
  
         
 
A S F US PS D H I 
Total Observed 1515 1496 1474 1826 1595 1647 1590 1544 
Total Expected 1586 1586 1586 1586 1586 1586 1586 1586 
         
    
Tot X2 df p value 
  
    
56.032 7 0.000 
  Key:  A = anger, S = sadness, F = fear, US = unpleasant surprise, PS = pleasant surprise, D = disgust,  H 
= happiness, and I = interest. 
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Table 30 
Student's t comparison of means between positive and negative emotions. 
 
M positive M negative  df p value 
Facial Identification 2.87 2.86 976 0.788 
Prosodic identification 1.57 1.71 976 0.027* 
Word identification 2.62 2.65 976 0.565 
Sentence identification 2.32 2.34 976 0.686 
Sum of identification tasks 9.39 9.56 976 0.230 
*significant at the p < 0.05 level (two-tailed) 
 
 
 
Table 31 
Student's t comparison of means between approach and withdrawal emotions. 
 
M approach M withdrawal df p value 
Facial Identification 2.89 2.86 732 0.632 
Prosodic identification 1.68 1.71 732 0.650 
Word identification 2.59 2.69 732 0.046* 
Sentence identification 2.35 2.38 732 0.612 
Sum of identification tasks 9.51 9.63 732 0.436 
*significant at the p < 0.05 level (two-tailed) 
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Table 32 
Test of equalities of variances and means between genders for all subtests. 
 
Men (n = 53) Women (n= 69) Levene's Test t-test for Equality of Means 
 
M (SD) M (SD) F Sig. t df Sig (2-tail) 
Facial ID 23.2 (3.94) 22.7 (4.03) 0.015 0.903 0.585 120 0.559 
Prosodic ID a 13.2 (4.90) 13.4 (4.08) 4.268 0.041 0.209 100.4 0.835 
Word ID 21.5 (2.87) 20.8 (3.06) 0.230 0.633 1.186 120 0.238 
Sentence ID 18.6 (3.72) 18.7 (3.42) 0.063 0.802 0.112 120 0.911 
Facial disc. 23.8 (1.90) 23.5 (2.49) 2.585 0.111 0.738 120 0.462 
Prosodic disc.a 26.5 (1.58) 26.7 (0.94) 9.900 0.002* 1.053 79.8 0.264 
Word disc. 23.7 (2.89) 22.8 (3.00) 0.000 0.984 1.652 120 0.101 
a t-test was done without assuming equal variances 
*significant at the p < 0.05 level (two-tailed) 8
0
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Table 33 
Test of homogeneity of variances across age groups for all subtests and NYEB total. 
Subtest Levene's Statistic df1 df2 Significance. 
FIDtot  2.808   6 115 .014* 
PIDTotal 2.433   6 115 .030* 
WIDtot 4.335   6 115 .001** 
SIDtot  1.327   6 115 .251 
NYEBtotal 3.952   6 115 .001** 
*   significant at the  p < .05 level 
** significant at the  p < .01 level 
 
 
Table 34 
Kruskal-Wallis test across age groups for subtests and total NYEB. 
  FIDtot  PIDtot  WIDtot SIDtot   all ID tasks 
Chi-Square 35.316  42.434  28.714  23.163   44.661 
df  6  6  6  6   6 
Asymp. Sig. .000  .000  .000  .001   .000 
 
 
Table 35 
Descriptive statistics for prospective abbreviated versions of the NYEB 
  N Items Min Max Mean SD Skew SE  Kurt. SE Alpha 
all 4 ID 122 104 33 94 75.97 12.74 -1.03 .219 .985 .435 .897 
w/o SID 122 80 22 70 54.86 10.19 -.85 .219 .548 .435 .867 
w/o WID 122 80 25 74 57.30 9.92 -.98 .219 .688 .435 .861 
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Table 36 
Demographic Characteristics of Sample by Age Group 
Variable Age groups 
20-29 30-39 40-49 50-59 60-69 70-79 80-89 
(n = 18) (n = 19) (n = 17) (n = 16) (n = 16) (n = 16) (n = 20) 
Age (in years) 25.1 (3.0) 34.0 (2.9) 45.4 (3.0) 54.3 (2.8) 62.6 (2.5) 73.4 (2.7) 83.4 (2.7) 
Sex (% women) 50.0% 52.6% 64.7% 56.3% 37.5% 50.0% 80.0% 
Ethnicity (% Caucasian) 44.4% 47.4% 47.1% 62.5% 50.0% 62.5% 65.0% 
Education (in years) 15.5 (1.8) 15.3 (3.1) 13.8 (1.5) 14.5 (2.9) 14.7 (2.9) 15.3 (2.5) 14.4 (2.9) 
SESa 6.9 (1.9) 6.4 (1.6) 6.2 (2.0) 6.6 (1.4) 6.6 (1.4) 6.9 (1.1) 5.6 (1.3) 
Handednessb 12.0 (0.0) 11.7 (0.7) 12.0 (0.0) 11.7 (0.6) 11.7 (0.6) 11.9 (0.4) 11.8 (0.9) 
 
Note: Values are listed as mean (standard deviation) or percent 
aSocioeconomic status based on Hollingshead Scale (Hollingshead, 1977): 
score range = 1 to 9. 
 bStrength of right hand dominance (Coren, Porac, & Duncan, 1979); score 
range 1 to 12 
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Table 37 
Mean Scores on Subtests by Age Group 
 
  
20-29 30-39 40-49 50-59 60-69 70-79 80-89 
Subtest 
 
(n = 19) (n = 18) (n = 17) (n = 16) (n = 16) (n = 16) (n = 20) 
Facial ID Mean 26.26 24.11 23.77 23.31 22.69 20.00 19.89 
 
S.D. 2.42 3.02 3.13 3.22 3.32 2.89 5.26 
Prosodic ID Mean 13.42 14.05 15.71 14.50 14.69 11.29 9.61 
 
S.D. 4.72 4.39 2.78 3.81 3.59 3.79 4.79 
Word ID Mean 21.21 21.74 22.41 22.00 20.56 21.06 18.83 
 
S.D. 2.82 2.64 1.73 2.37 2.53 3.11 4.05 
Sentence ID Mean 19.21 19.37 19.29 19.44 18.38 18.82 16.17 
 
S.D. 3.33 3.56 2.91 2.85 3.01 3.41 4.62 
Facial disc. Mean 23.32 23.68 24.18 24.38 23.88 23.82 22.20 
 
S.D. 2.50 2.26 1.67 1.50 1.63 2.90 2.60 
Prosodic disc. Mean 26.63 26.32 26.71 26.88 26.88 26.47 26.39 
 
S.D. 1.46 1.57 0.92 0.96 1.09 1.59 1.04 
Word disc. Mean 24.37 23.63 23.06 24.38 21.75 22.71 22.33 
 
S.D. 2.67 2.79 3.40 2.65 3.13 2.28 3.22 
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Figure 1: Facial emotion perception system. 
____________________________________________________________________________________
_ 
 
   Superior colliculus                                                              Thalamus 
                                                                                                                              
             120ms                                                                                               120ms    
           Amygdala                                                                     Striate cortex 
 
                                 170ms                                                       170ms                              170ms 
                                                               Fusiform face area                  Superior temporal gyrus 
         170ms                                     
                                                                      170ms 
                                                                                                                                                  300ms 
                                                            Orbital frontal cortex                                         
                                                  300ms                                             300ms 
                 Body                                                                                   Somatosensory cortex 
                                                                                  300ms 
                       300ms             
                                                              Insula                                                                                                                                                                              
                                                
 
120ms:  early perception of salient emotional stimuli. 
170ms:  detailed perception and body activation. 
300ms:  conceptual knowledge of the emotion signaled by the face 
  Adapted from Adolphs (2002).               
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Figure 2 
Distribution of participant scores for facial identification. 
 
Note:  scores are out of a possible 32 correct. 
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Figure 3 
Distribution of participant scores for prosodic identification. 
 
Note:  scores are out of a possible 24 correct. 
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Figure 4 
Distribution of participant scores for lexical word identification. 
 
Note:  scores are out of a possible 24 correct. 
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Figure 5 
Distribution of participant scores for lexical sentence identification. 
 
 
Note:  scores are out of a possible 24 correct. 
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Figure 6 
Distribution of participant scores for facial discrimination. 
 
 
Note:  scores are out of a possible 28 correct. 
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Figure 7 
Distribution of participant scores for prosodic discrimination. 
 
 
Note:  scores are out of a possible 28 correct. 
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Figure 8 
Distribution of participant scores for lexical word discrimination. 
 
 
Note:  scores are out of a possible 28 correct. 
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Figure 9 
Dendrogram for facial identification cluster analysis 
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Figure 10 
Dendrogram for prosodic identification cluster analysis 
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Figure 11 
Dendrogram for lexical word identification cluster analysis 
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Figure 12 
Dendrogram for lexical sentence identification cluster analysis 
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Figure 13 
Dendrogram for NYEB total cluster analysis 
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